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THE GEOGRAPHY, MORPHOLOGY AN D ENVIRON MENTAL RELATI ONSHIPS 
OF THE WALLA WAI1L.A SOIL SERIES IN OREGON 

INTRODUCTION 

This thesis describes the Walla ?ialla soil series and 

its setting ir the Columbia Basin of Oregon. The influence 

of the climatic environment on Walla Walla and associated 

deep loess soils was studied by a comparison of soll char- 

acteristics observed throughout a climatic range. The 

a1la ..alla series is then shown as a part of the deep 

loess 80118 with a particular rande of characteristics. 
thile working on the climatic environment of these soils, 

a method was developed for estimating soil moisture at 
seeding time and In the spring of the crop year. 

The \a1la Vialla soll is a deep, well drained Chestnut 

soil developed on rolling hills of wind blown silts. It 
occurs in an area that has an annual rainfall of only 10 

to 16 inches but, due to gentle rains falling primarily 
in the cool winter months, much of this rain is stored. 

Walla Walla is the njor soil series ori which wheat 

is grown in Oregon's Columbia Fasin. It is found In 

Wasco, Sherman, GlilIain, Morrow and Umatilla counties in 

the north central part of the state. 
The geologic origin of Walla alla is seen through a 

description of events that have affected the entire area. 
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The loess from which Walls. Walla has developed occurs only 

where conditions favored its deposition. The section on 

soil moisture shows the relationships between factors s.f- 

fecting its accumulation and depletion on each of the deep 

loess soils. This is used as a common denominator for 

describing the differences of solar radiation, effect of 

vegetative cover, temperature, relative humidity and wind 

among these soils in terms of the 1931 to 1955 averages. 

The patterns of soil distribution resulting from 

geologic and climatic processes can be seen on the small 

scale map showing major bodies of soils. The addition of 

topography brings out some other pieces of land differing 

within the general pattern and sharpens up the boundaries 

on the Soil Association map in four sections. The key 

in table i shows the relationships between soil series 

which occur within the major soil associations. The dis-. 

tinctive features of each soil association are described 

as a means of differentiating the Walls. Walla map units 

and their associates on the basis of location, geology, 

topography, elevation, soil series, proportions of soil 

series, vegetation and acreage. 
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PifYSIOGRAPHY 0F THE STtJDY AREA 

Allison (4, p. 7-10) described the Columbia Basin as 

a subdivision of the Columbia Intermontane Province. The 

outer boundary of' the study area shown on figure 1 cor- 

responds closely with the Columbia Basin subdivision in 

Oregon as he delineated it. 

The western part of this subdivision was called the 

orth Central Oregon Plateau by Allen and Smith (2, p. 

101). It conforms to the gentle north slope of the 

Shaniko surface, Hodge (32, p. 53). Faulting and dissec- 

tion by rivers are a dominant feature of this part, as can 

be seen on the soil association map, fIgures 2 and 3. 

The eastern part of Oregon's Columbia Basin was 

called the Umatilla Basin by Allen and Smith (2, p. 101). 

It Is at a lower elevation and typically has more level 

topography. The lack of dissection, as compared with the 

iorth Central Oregon Plateau, is shown on the soil asso- 

ciation map, figures 4 and 5. 
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GEOLOGY OF ThE STUDY ARLA 

The kind, form and sequence of formation of geologic 

deposits are the primary control of the distribution of 

?alla Walla and other dominant soils In the Columbia 

Basin. Climate has played an important part in modifying 

their prcperties as will be seen in a later section. To 

begin with, the imi.ie deposition of Columbia River Lasalt 
during Miocene and early Pliocene time about 20 milliì 
years ago set the stage for present surface features. This 

deposit was built up to a maximum thickness of 4000 feet 
by lava flows. Waters' indicates that these basalt floods 

came from dike swarms in fcir local areas &round the 

Columbia Basin in ìashington and Oregon. Interbedded with 

these lava layers are old soil zones, fossil trees, and 

sedimentary deposits, indicating that the flows must have 

occurred over a long period of time. 

The weight of these basalt layers caused faulting and 

folding in the entire area. The Columbia River fault or 

fold, (Waters, 82, p. 663-684) le the largest of these, 
and with the Horseheaven ariticlire it extends from 

:<likitat county in south central V'ashin;ton eastward to 

north central Umatilla county. From mid-Miocene to 

From a lecture given at Oregon State College in March 
1960. 
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Pliocene time a major uplift on the east side of the 

north-south Cascade fault caused eastern Oregon to become 

higher and dryer than western Oregon. The volcanic cones 

of the present day Cascades began forming in Pliocene time 

along this fault line and contributed to further reduction 

of the precipitation to the east. 

During mid-Pliocene time, erosion in the Blue Moun- 

tains and the Cascades provided material for extensive 

deposits of basalt gravel (lower Dalles and Fanglomerate 

formations) referred to by Hodge (3l, p. 23) and 1-logenson 

(32, plate 1). Near Mount Hood, the deposits were more 

mixed and included mudflows end volcanic tuff (also Dalles 

formation). The creation of Cordon Lake by damming of the 

Columbia Gorge with volcanic material, made the settlement 

basin for the sediments of upper Dalles formation, the 

Shutler formation, and what may be the Oregon equivalents 

of the Ringold formation. 

During the Pleistocene Epoch, a much colder, more 

moist climatic regime was prevalent. Two major glacial 
periods are evident from sbidies in the Great Basin by 

Antevs (5, p. 5-23) and Broecker and Orr (14, p. 1028). 

Antevs says that the earlier Tahoe advance is equivalent 

to the Iowan advance about 65,000 years ago and that the 

later Tioga advance is equivali.t to the Mankato or Valders 

advance of eastern United States. Pluvial maximums at 



19,000 and 10,150 years ago have algo been recognized in 

the Great Basin. These stages are important in the explan- 

ation of periglacial and lacustrine deposits in the study 

area. 

The origin of loess, te most extensive of these 

P1eistocen deposits is not defiritely known. Bryan (15, 

p. 162-164) suggests that the Columbia Basin was subjected 

to very cold conditions when it was between the glaciers 

of the Blue and Cascade mountains arid the southern lobe of 

the Cordilleran ice In Washington. Waters and Flagler 

(83, p. 215-220) gave a description of mounds occurring 

in the area of Maupin and Sharilko, Oregon. In a recent 

interview, .aters stated that these were probably started 

by frost action, and subseqntly rouìded into mounds by 

water erosion. Kaatz (35, p. 145-156) supports this 

hypothesis. 2leuner (89, p. 20-30) mentions the distribu- 

tior of }uropean loess in belts that appear to be peri- 

glacial. Theisen (60, p. 58) an others have felt that 

loess was derived from glacial outwash or r:iver floodplain 

silts that were redeposited by wind. However, euner 

(89, p. 20-30) in an account of the frost soils on ount 

Kenya and their relationship to loess, shows an analogy 

between the cumulative particle size distribution curves 

of mounds formed by frost weat ering and the aeolian 

deposits from many differit locali ties in Europe. He 
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believes that frost watherthg is the primary or1in of 

silt size particles where periglacial conditions have 

existed, and that they may be transported by water before 
redeposition as loess or directly moved by wind. Silt 

seems to be the ultimate size to which rock fragments 

weather when acted u'.on by frost. This may be related to 

the lack of fractures large enough to allow the formation 
of ice crystals in soil particles below this size. 

It is possible that loess in the Columbia Basin may 

be a combination of material that was (1) frost weathered 

in place, (2) blown from frost weathered areas, or 
(3) blown from flood plains along the Columbia river. 

There are indications that there were intervals be- 

tween major periods of loess deposition. However, a more 

detailed study is necessary to bring out their relation- 
ship to the total deposit. 

Flooding by meitwaters from receding glaciers to the 
north has played an important role in the geologic history 
of the Columbia Basins Bretz, et al. (13, p. 1048) has 

revised the Spokane flood theory that has been used to ex- 

plain how it al came about. He presents evidence that 
there were as many as seven floods in Washington. 

The origin of one or more of the floods was the release 
of water from a glacial lake near Missoula, Montana at an 

elevation of about 4200 feet. This water rushed over a 
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1are part of eastei Washington and was temporarily 

dammed behind the Horseheaven anticilne which extends 

roughly east and west through southern Washington and 

Umatilla county in north eastern Oregon. Hodge (30, p. 2) 

explains that after this ponding, the íal1ula gateway was 

cut near the point tiere the present Columbia river 
crosses the Washington-Oregon state line, and flood waters 

rushed into the Columbia basin of Oregon. Taubeneck2 

gives a date of 18,000 years ago for one stage of flood- 

ing. This may be related to the previously mentioned 

pluvial maximum 19,000 years ago in the Great Basin. 

In Oregon three major flood stages appear to have 

been important in the formation of different soil arcas 

by channeling and ponding of flood waters. 

The first and the highest of these three flood stages 

must have risen to an elevation of at least 1600 feet. 
Just east of the point where the Columbia River crosses 

into Oregon is an area of .alla Walla very fine sandy loam 

first mapped by Harper et al. (27) as a soil derived from 

coarse-textured loess. Hogensczi (32) believed that these 

hills were due to loess deposits also. While working in 

this area, it was noted that nearly all the hills were 

oriented northeast to southwest and had the appearance of 

2 Lecture ori Geology of Oregon, Spring 1958. 
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beinE shaped by water channeling. The topographic map 

base of ftgure 5 shows the orientation of hills. several 

water rounded pebbles were found near the top of a hill 

in sectton li, town 5 north, range l east. A similar 

kind of topography is found north of V:asco in Sherman 

county. Here the hills are oriented east and west. In 

both cases the hills are oriented roughly parallel to the 

Columbia River and are believed to have been formed by 

erosion of flood charnels during the highest flood stage. 

Trie second stage of flooding rose to an elevatior. of 

about 1150 feet in Oregon. It is well marked by channel 

features such as Alkali Canyon in northern Gilliam county. 

Allison (3, p. 675-722) gives the location of many channel 

features that resulted from this flood. 

The flood waters from this stage then stood as a lake 

at about 1000 feet elevation. The rey calcareous silts 
described by Allison (3, p.697-698) were deposited during 

this time. 

Later, a third flood rose to an elevation of 750 feet 

in Oregon's Columbia Basin. This was described by Bretz 

(12, p. 236) in one account of flooding in Oregon. He 

verified this elevation by an observation on Emmigrant 

Butte in TJmatilla county. Soil was removed by this flood 

below, but not above 750 feet elevation. A flood line at 

this elevation is easily distinguished in northern Morrow 
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county also. The material that was removed by this flood 

was replacedpredominantly by sandy deposits. Part8 of 

this area have bare rock exposed by flod waters. 

$o1l rnterials in the study area are related to the 

various geologic events that have been described in this 

section. The following sumrrary gives soie of these rela- 

tionships. The location and extent of soils discussed cari 

be seei. on figures 1 through 5. 

A variety of soils, differing in texture, depth, and 

other characteristics have formed on the sandy materials 

deposited b the flood that rose to 750 feet. They are 

intermingled with scoured arid channeled basalt rock cut by 

the rapidly moving flood waters. Near the Horseheaven 

anticline theso sands occur at a higher elevation than 

across the rest of the area. 

Between 750 and 1000 feet elevati the Sagemoor soil 
has developed on the calcareous silts of the Touche t form- 

ation. Some aeolian silts below 1000 feet elevation were 

apparently only reworked rather than replaced b waterlald 

deposits. 
From 1000 feet to 1600 feet elevation, channel fea- 

tures resulting from the first two major flood stages have 

modified soil characteristics. Walla Walla very fine 

sandy loam, t'a11a Walla coarse silt loam and some Walla 

Valla silt loam are dominant in the channeled areas of 
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this range In elevation. The Uitzvllle soll areas In this 
elevatIon range seem to show less evidence of channeling 

because tImy coincide with the lower part of the Umatllla 

asin where ponded waters were spread over a broader area. 
Above the upper limit of chanreling, deep loess has 

been the parent material for the alla V'alla, Ritzville, 

Athena and Palouse soil series. Shallower loess, further 
away from the Columbia River, has been the parent material 
for the Condon, Shaniko, florrow, ar Waha series. 
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CLIMATE OF THE STUD( AR:A 

The climate of eastern Oregon is strongly influenced 

by the presence of the Cascade mountains, which intercept 

much of the moisture in air from the Pacific ocean. 

Another major influence on precipitatii within the Colum- 

bia Basin is the rise in elevation from the Columbia River. 

Lowest precipitation and greatest evaporati take place 

over the low, sandy land adjacent to the river In Morrow 

and tJmatilla counties. vith increase in elevation toward 

the Blue Mountains, the Fiorseheaven entleHne, the orth 

Central Plateau, or the Cascade Mountains, there is ari 

accompanying increase In precipitation and decrease in 

evaporation. Another influence, which shows up in some 

rainfall records, is that of moist air from the west mov- 

Ing up the Columbia gorge arid Its tributary canyons. 

There seems to be an increase in precipitation on land 

adjacert to these large wind channels. The same is true 

of those leading down from the mountains. 

Total average annual precipitation ranges frOEn 8 

Inches in the r3oardman area in northern Morrow county, 

close to the Columbia Hiver, to 20 inches east of Weston 

near the Blue Mountains. January average temperatures 

range from 33 degrees at Arlington to 29 degrees at 

Condon. July average temperatures range from 75 degrees 

at Arlington to 66 degrees at Cordon. The average frost 



free season ranges from 168 days at Echo to 120 days at 

Co:don. 

Evaporation from a free water surface during the 

period from April through September ranges from 42.5 

inches at Hermiston to 35.5 Inches at the Pendleton Branch 

Experiment Station. Solar radiation is at a minimum of 

100 to 130 langleys per day in January and at a maximum 

of 600 to 650 langleys per day in July. 

It Is evident that water, rather than temperare, 
is the most important variable in relatior.i to crop growth 

or soil development. Average annual precipitation is 
given for 22 weather stations in table 2 and figure 6. 
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SOIL ASSOCIATIONS I ThF: STUDY AR}A 

The Wahn alia soil series forms a part of a broad 

soll pattern that extends across the Columbia Basin. The 

distribution of the Wahn \Valla serios within this pattern 

is shown in figure 1. Only the dominant series are shown 

on this map. 

The pattern of soil distribution is shown in more 

detail in figures 2 throui 5. Fghteen soil associations 

are shown including five that ìre based on phases of the 

Wahn ?.alla soil series. They are listed alphabetically 

by map symbol and described on the following pages. Rein- 

tionships of the soil series are shown in table 1. 

The soil maps of the Columbia Basin were made using 

the following sources of information: (1) maps drawn by 

Soil Conservation Service Soil Scientists,3 (2) inter- 

views and communicatiìs with these same Soil Scientists, 

(3) original field observations, and (4) interpretatIon 

of aerial photographs and topographic maps of the study 

area. 

rhe vegetation names used in this text are local 

names; scientific names are as follows: 

3 George Green, Elmer Hill, urrell Lovell, Leo Mayers 
and Rudy Mayko. 



Table 1. Key to Soils of the Columbia Basin in Oregon - First Part 

Soils derived from Without textural B With weak textural B With a moderate 
textural B or 
hard pan 

Deep silt loam loess 
Rainfall; (surface 
color becoming 
darker) 

less than 10 inches 
10 to 12 inches 
12 to 14 inches 
14 to 16 inches 
16 to 17 inches 
17 inches or more 

north aspect 

Shallow loess 

hig1er rainfall 

over rave1 

Channeled by flood 
waters and/or more 
severely winnowed 

Ritzvill e 
Walla V alla dry 
Walla Walla 
Walla Valla moist 

N ansene 

A the na 
Pal ous e 

Vren tham 

Starbuck (south aspect) Condom 

V.alla alla coarse silt loam 
Walla Valla very fine sandy loam 
Ritzville very fine sandy loam 

Ash-bess mixture Dufur 
silt loam ' coarser Finnegan 

Shaniko Morrow 

Vaha 

Pilot Rock 

McKay 

I-I 



Table 1. Key to Soils of the Columbia Basin in Oregon - Second Part 

Soils derived from Without textural B With weak textural B With a moderate 
textural B or 
h ard p an 

Pleistocene flood deposita 
Lake silts Sagemoor (Selah) 
very fine sands Adkins 
fine sands 
loamy sands Quincy 
sands-coarse sands Ephrata, Hupert and Vdnchester 

Old alluvium 
poorly drained 
well drained 

Recent alluvium 
silt loam 
very fine to 
fine sandr loam 
shallow over gravel 

Residuum from basalt 
gentle slope 
steep slope 

Pedigo 
Z i gman 

soil series being correlated 

Bake oven 

Burke 
Koehler 

Li ckskillet 



Eluebunch wheatgrass 

Sandbergs bluegrass 

Idaho fescue 

Matchweed 

Sagebrush 

'eedlegrass 

Indian Ricegrass 

Agropyrci spicatun1 

Poa secunda 

Festuca idahoensis 

Gutierrezia serothrae 

Artemesia tridenta 

Stipa comata 

Oryzopsis hymenoides 

1? 

A--Alluvial soils- This unit is on flood plains along 

the v.alla Walla River, Butter Creek and the Urnatilla River 

ir Umatilla County. T ese soils are developed from allu- 

vial material in strata ranging in texture from silt to 

gravel. Physical characteristics vary due to differences 

In texture, salt or alkali cottent, end depth to water 

table or restricting lasers in the soil profile. Silt 

loam and fine sendy loam textures are dominant. These 

soils occur ori nearly level areas not far above present 

stream level. 

Most of the soils In this unit are irrigated, but 

there is a wide difference in crop response to irrigation. 

In areas of natural vegetation, the well drained soils 

have plant species common to adjacent uplands. Various 

species tolerant of salt, alkali, or wetness are found on 

soils with these limitations. There are approximately 

50,000 acres of this map unit in the study area. 



At--Athena-Palouse-Waha - These dark colored soils 

are on deposits of loess on Blue Mountain footelopes in 

Uniatilla County. The topography ranges frOEn gently roll- 

ing at lower elevations to steep and hilly at hier 
elevations toward the Flue Mountains. 

Athena and Palouse are deep soils. The Athena soils 

are at lower elevations, and Palousesolls are at higher 

elevations where there is a more moist environment. 7.here 

these soils intermingle, Athena s found on south slopes. 

The \.aha soils ure from shallower loess. They occur on 

side slopes in higher parts of the area, where Palouse 

occupies hilltop positions. At higher elevations the Waha 

Is the most widespread soil and is mapped as a separate 

soil association. 

These soils have finer texture, more organic matter, 

a more strongly expressed structural development and other 

characteristics associated with a more humid climate, than 

other deep loess soils in the study area. 

The Athena soil series is a Chernozem soil. Both 

Palouse end aha are Prairie soils. 

The relative area occupied by each soil within this 

delineation is 50 per cent for the Athena soil series, 30 

per cent for Palouse and 20 per cent for the ?aha soil 

seri es. 

These soils have sufficient moisture to support 
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annual cropping. A rotation of winter v/neat and canLin 

peas is counon in this area. The dominant nstive vegeta- 

tSon In this soil association is Idaho fescue and bluebunch 

wheatgras s. 

There are approximately 60,400 acres of this soil 

associatioLl in Oregon's Columbia Basin. 

Co--Condon-Bakeoven - A common feature of this map 

unit is the biscult-scabland complex corsisting of a pat- 

tern of mounds or islands of Condon soll on (the "biscuI') 

moderately deep loess surrounded by the shallow, extremely 

stony "akeoven Oi1 (the "scabland") developed from basalt 

and loess. On level plateau surfaces where there has been 

little opportunity for the loess to erode, the soil is 

uniformly Condon. On rounded interfiuves or edges of the 

plateau where erosion has had a thance to remove sane of 

the loess, the Condon-Bakeoven complex Is found beginning 

as stringers of Bakeoven in Condon, then stringers of 

Condori n Bakeoven, eliptical islands of Condon and finally 

just Bakeoveri. This change takes place within a slope 

range of 2 to 20 per cent on south exposures. 

The area is composed of roughly 60 per cent Condon 

soil series, 30 per cent Bakeoven soll serles and 10 per 

cent Finnegan and other soil series. There is .bout 57Oß 

acres of this unit. 

Condon la a Ch1nut soil. Bakeoven Is a Brown soil 
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or Lithosol. 

The Condon soil is used primarily in a wheat-fallow 

crop system. The Condon-akeoven complex and the Bakeoven 

parts of this soil association are useful only for range. 

Shallow depth is the main limiting factor in wheat yield 

potential on Condcrx. The dominant native vegetation is 

bluebunch wheatgrass and Idaho fescue on Condon soils, 

while on the Bakeoven soils sandbergs bluegrass and blue- 

bunch wheatgrass are dominant. 

Condon-like soils in Vasco County differ by having 

(1) a greater amount of ash mixed with the loess, (2) a 

greater amount of the Finnegan and Dufur soil, and (3) in 

the area south of Tygh Ridge a somewhat dryer climate than 

the rest of the Condori-Eakeoven association. The soils of 

Juniper flat are further complicated by the influence of 

Lake Condon deposits which covered the area during a warm 

period in the great ice age. 

Du--Dufur - The soils of this association are from 

deep wind blown material that has a high volcanic ash cori- 

tent compared with other soils from deep loess. The Dufur 

series is much like the Valla ',alla series. Characteris- 

tics that distinguish Dufur from Valla \.alla are (1) a 

darker grey color throughout the profile, (2) a greater 

mixture of particle sizes, resulting in a silt loam tex- 

ture which approaches a loam more than the silt loam 
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textures of well sorted loess, () a ¿recter cohesiveness 

of soil particles to each other. Lufur is on stron1y 

dissected, loess covered uplands with many steep slopes 

that have a V shape rather than U shape in cross section. 

This soil is commonly four.d over the Dalles formation, 

a sedimentary rock of niixed composition occurring in Wasco 

county. Where Dufur overlies basalt, Starbuck and 

Lickskillet are found ai south exposures and other mixed 

loess soils, Kuhi and Nansene, are found on north expos- 

ures. Alluvial soils and gravel terraces are also inclu- 

sions in this association. Dufur makes up about 70 per 

cent of this association. 

There are approximately 47,000 acres of this map unit. 

The Dufur soil is primarily used for a wheat-fallow 

cropping system. Yields are reportedly higher on Dufur 

soil th&i on Walla 1Kalla. This may be related to a higher 

water holding capacity. The dominant native vegetation is 

bluebunch wheatgrass and Idaho fescue on the Dufur soil. 

North slopes have more fescue in relation to bluebunch 

wheatgrass while south slopes have bluebunch wheatgrass 

arid sandbergs bluegrass. 

Dufur is in the Chestnut great soil group; north 

slopes tend toward Chernozems end south slopes toward 

Brown soils. 
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Mc--cKay - The McYay soil is best known for its 

solonetzic B horizon (a clay pan with high exchangeable 

sodium) which retards irternal drainage and causes slick 

spots to appear when soils are moist. The soils in this 

association have developed primarily from loess over old 

alluvial fan and terrace deposits at the base of the Blue 

Mountains etween the Umatilla River end McKay Creek. 

Other areas of this a,il may be present to the west of this 

area, but they have not been mapped extensively. The 

'cKay soils join the Pilot Rock soils to the west along 

a transition zone whore the two soils are iï:termlngled. 

Other soils within this map unit are recent alluvial 

soils along streams, volcanic ash spots, orrow soils, 

deep Pilot Rock soils, and V'alla Walla soils. McKay makes 

up about 90 per cent of this association. There are less 

than 12,000 acres of this map unit. 

The McKay soils occur on nearly level slopes at an 

elevation of 1400 to 2000 feet above sea level. 

Bluebunch wheatgrass and Idaho fescue are the domin- 

ant natural grasses of this soi]. association. 

This soil is nearly all in wheat-fallow agriculture. 

Slow internal drai.age causes very uneven drying in the 

spring where these soils occur, making management diffi- 

cult. Yields are less uniform and fluctuate more from 

year to year than on the deep loess soils. 
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o--orrow-flakeoverL - This assoc1atIi is primarily 

found at elevations above 2800 reet immediately below the 

aha soil assoc1ct1on. The topography is commonly very 

broker. Soils are rnoierate1y deep, out ger.erally shallower 

than the Condii sol's. The Morrow soll Is derived from 

fine textured loess and has a well developed horizon. 

It is commonly found as circular to ellptical biscuit 

mounds, on slopes, with 5akeoven sofi surrinding them. 

The Fakeoen sol 1 is a very shallow stony soil, primarily 

from basalt. Other associated soils are Licksklllet on 

steep, stony, south exposures and Wrentham orL steep north 

exposures. Soils from deep, more recent loess deposits 

ir. spots on northeast slopes have been called Walla Walla. 

Some drainageways are wide erouh to have alluvial deposits 

in them. 

The orrow soils are Chestnuts, grading toward 

Chernozems at hier elevatlois. cakooven is a Lithosol, 

Lickskillet a Fsrown soil and Vrentham a Chernozem. 

The dominant native vegetation is bluebunch wheat- 

grass and Idaho fescue. Ori south exposures there is more 

sandbergs bluegrass and on north exposures more Idaho 

fes cu e. 

Morrow soll makes up about 40 per cent and Bakeoven 

30 per cent of this soll association. Other soils such as 

Lickskil].et, 'rentham, V.'alla \alla, and alluvial soils 
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make up the remainder. 

'1h13 associatIon makes up abit 3J,OOO acres. Parts 

of this association have enough Marow soll f' cultivation, 

hut nst of it is used for raree. ?ith adequate fertili- 

zation, yields of wheat with annual cropping tend to be 

as hi-ì as wIth a fallow system because little additional 

moisture can be stored in a fallow year. 

Pi--Pilot Rock - This soil association occurs only 

in Umatilla county. The Pilot flock series is intermingled 

with Mcay soils at the eastern boundary of the area. 

The Pilot Rock soil association occurs in the lower' 

part of the McKay Creek watershed. The area is nearly 

level to undulating. Pilot Rock is derived from loess 

deposited over lime-cemented gravels. May soils that 

were formerly called Pilot Rock are now classified as 

.alla Wella or Condon. Pilot Rock is a Chestnut soil. 

There are about 32,000 acres of this map unit. 

This soll is predominantly used for wheat production 

in a wheat-fallow cropping system. Yields are limited in 

dry years by lack of soil depth. The dominant native 

grasses are bluebunch wheatgrass and Idaho fescue. 

R--Basait rockiand - Steep slope, rock outcrop, and 

shallow soils are the main features of this map unit. 

ranyon walls with over 40 per cent slope and shallow or 

rocky soils make up 80 per ct of the area. In addition 
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there are narrow strips of level alluvial soils in some 

canyon bottoms. Some nearly level rockland occurs near 
the Columbia River and is included in this association. 

Basalt rockland and the Lickakillet series are domin- 

ant. A thin mantle of loess may 4ve rise to Starbuck 

series on south exposures or arìsene or Kuhi series on 

north exposures. Below 1000 feet, lacustrire silts on 

benches give rise to Sagemoor soils. Hanging gravel 
deposits are quite common where side draws lead into major 

canyons. The stream bottoms consist of sandy and coarser 
textured alluvial land plus many alluvial soil series. 

This is the xst extensive unit mapped in the area, 
covering approximately 1,124,000 acres. It is especially 
dominant in the Desohutes and John Day drainage systems 

on the North Central Oren Plateau. 
The major use of these soils is for range, with a 

range in production from the lowest to the highest in the 

study area. The lowest production is OEl rock outcrop and 

south exposures, while the hiest production Is on the 

deeper soils with north exposures. 

R1--Ritzville - This unit occurs in a climatic tran- 
sition between areas with and areas without sufficient 
moisture for growing dryland wheat. Consequently, In 

moist years, Ritzville soils yield as well as soils of 

higher rainfall areas, but they are at a great disadvant- 
age with average rainfall. Many land operators feel that 
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"dust bowl" conditions of' the 1930's would not reappear 

with a return to low rainfall of that period, because of 

the use of trashy fallow and fertilizer. The land has 

be&i kept in better condition by maintaining a better 

surface cover and by reducing the amount of packing of 

the soil near the surface. 

The Ritzville soil series is a light colored, Brown 

soil on deep loess. It comprises about 90 per cent of 

this association. Other soils in this association are 

Starbuck, a shallow Brown soil on south exposures, and a 

darker deeper 3oil on steep north exposures. 

The parent material of Ritzvi].le is mostly loess. 

In many areas, stones and grey si lt layers in the profile 

suggest reworking or deposition by high water levels in 

the ice age. Alternatively, the stones and grey silt may 

be the result of colluvial movement of material from 

bisher elevati ons. 

This area is a long, north-sloping plateau, suggest.- 

Ing a formerly level plain, with a few basalt hills rising 

above the generally flat surface. Major drainageways have 

dissected the plain. 

There are about 352,000 acres of this association. 

The native vegetation shows a greater predominance 

of sagebrush than more moist areas. The dominant grasses 

are blueburich wheatgrass arìd sandbergs bluegrass. 'heat 
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OCCUpIeS a smaller relative acreage here than on the soils 

of moister areas. 

S--ad-Channeled soil areas - Conditions found 

within this tnap unit are the result of severe channeling 

and depositIon by the Columbia River when it carrIed flood 

waters up to 750 feet above sea level (higher in Umatilla 

County). Sorne of the channeling features are so large 

that they are best seen on aerial photographs. In place!, 

the great volume of water str:ppod the basalt bare of any 

former rnatle; in other places iL left a very rubbly sur- 

face. The texture of deposits cxi these rock surfaces Is 

predomirant1y sand, but there is a raìge fri boulders to 

clay. 

The topography Is gently undulating, with dunes quite 

common. Duneland, Rockland, and sandy, weakly developed 

(Regosol) soils are in the area. Basalt rockland and 

soils with coarse and medium sand texture are found where 

water currents were strongest. Loamy sand to fine sandy 

loam soils are the most common and are found where cur- 

rents in the flood waters were less strcxìg. Some of these 

soils have cemented hard pan subsoils. Fine sandy loam 

sois predominate between 600 and 950 feet elevaticx near 

Echo In Umatilla County. Remnants of $agemoor soils, 
developed fror lacuatrine silt, and Ritzville soils, 
developed from loess, were left in areas that were not 



eroded by the flood. 

The proportions of soils in this map unit can only be 

deterrnIred after further mapping. The total area repre- 

sented by this delineation is 419,000 acres. 
The dominant natural vegetation Is needlegrass, 

bluebunch wheatgrass, sagebrush and Indian ricegrass. 
With adequate vater supply, the agricultural value of 

this land Is high. A wide variety of irrigated crops are 

grown on these soils In a limited area. 

Sa--Sagemoor - This soil occurs between about 750 and 

1000 feet elevation. It Is derived from calcareous lacus- 
trine deposits. Erosion of these deposits and burial 
under later ?oess deposits have resulted in discontinuous 

pattern of distribution. 
Sagemoor is a flegosol. It is a very weakly developed 

soll high in calcium carbonate, commonly close to the sur- 
face. It has a characteristic light grey appearance. 

This association occupies abcxit 69,000 acres in the 

Columbia Basin. 

In the Umatilla Basin, Sagemoor occurs predominantly 

on level plains that have been dissected by relatively 
shallow gullies. In the North Central Oregon Plateau, It 
is found only as sn1l remnants on steep canyon walls. 
In this situation It is Included with the basalt rockland 

associ ation. 
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'atchweed is an abundant plant on this soll; however, 

the dominant native vegeta ri is bluebunch wheatgrass and 

sandbergs bluegrass. Sorr wheat is crown but the prirnar 

uso of this soil is rance because of low rainfall. 
Sh--Shaniko-Bakeoven - This soli association is in 

southern Zherman and asco counties, away from the influ- 
ence of the Blue Mountains. Shaniko, like Morrow in the 

Blue Mountain area, is a shallow, well-developed Chesthut 

soll from loess. Perhaps lower rainfall has been a reason 

for the weaker profile development of Shaniko in compari- 

son to Morrow. 

This is another biscult-scabland association. The 

Shariiko soil commonly Is on mounds above a surface of 

shallow I3akeoven soil. It also forms a continuous upland 

cover on broader interfiuves. The Shaniko soil may be 

older than the Condon soils to the north. Shaniko makes 

up about 40 por cent of this association, Bakeoven 30 per 

cent, Lickekillet 15 per cent and \rentham arid other soils 
about 15 per cent. There are about 115,000 acres in this 

soll association. 
In general there is a smaller pzportion of wheat land 

in the Shaniko-Bakeoven association than in the Condon- 

!3akeoven association, primarily because Shaniko Is shal-. 

lower and 1es exteisive than Condon. Areas not used for 

wheat are used for range. 
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v:a--Vaha - This i the area of moderately deep, 

Prairie so1 from loess iii the Blue Mountain foothillB. 

This association occupies about 380,000 acree. It i 

dom1rint1y rangeland, with sorne ponderosa pine on north 

slopes. It is used for the production of peas, potatoes 

arid whcat where the soils are deep enough and slopes are 

favorable. 

v:c--a11a Ìi11a coarse slit loam - The biggest mapped 

area of this soil occurs in northern Sherman county. Tbe 

Is a strongly expressed east-west trend to the hills in 
this area, suggesting channeling by flood water. This and 

lattr winnowing by wind may have produced the coarser tex- 

ture than is found In more typical 1NalJa Walla. This Is 
particularly true In the lover layers which may range to 

a very fine sandy laom. 

T coarse slit loam phase In esco County Is below 

1000 feet elevation, in an arec that may have been covered 

with water when the calcareous, lacustririe slits from 

which the Sagemoor soll was derived were being laid down 

to the east. Thia part of te association may thus differ 
from that in Sherman County by an admixture of lacustrine 
silt with the loess. 

Except for texture Walla Walla coarse silt loam is 

like :alla Valla slit loam, which Is described below. 

Wa].la Walla comprises about 60 per cent of the area. 
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!:axisene, a Chernozem on steep north slopes, and Kuhi, a 

shallow, stony soil, make up about 15 per cent of the 

association. The remainder I s an assortment of soils from 

old and recent alluvium and rock outcrop. This associa- 

ton occupies about 66,000 acres. 

heat production is the predominant use of these 

golia. Wi:d erosion is more serious and wate erosion is 

less serious than on alla Walla silt loam. Natural 

vegetation is blueburich wheatgrass and Idaho fescue. 

North exposures have more Idaho fescue. South slotes have 

more sandbergs bluegrass and are less productive for range. 

d--',\al1a Valla silt loam, - This association 

extends from the eastern part of Sherman County to the 

western part of Umatilla County. It represents the dryest 

part of the 1.alla Valla soil area. The loess tends to be 

thinner in this association and even the deeper deposits 

may have a lime layer at about 42 inches. East of Rock 

Creek in Gllliam and Morro counties, a few stones are 

mixed in t profile. Unconsolidated calcareous material 

may occur withIn 20 inches of the surface in this same 

area. 

The 'ìalla Walla soll in this association Is like the 

Valia Ïal1a silt loam described below, but it Is in a 

dryer environment. It occupies about 85 per cent of the 

soil association. south exposures have shallow Brown 



soils, Starbuck and Llckskillet series, which make up 

about 15 per cent of the assoclattrì. 
Shallower depth of soil to rock or lime and dryer 

condition8 make this a less productive 'ieat soil area 

than the Walla 'a1la silt loam sssociation. A greater 

proportion of this association is used for range. Domin- 

ant :ative plar:ts are bluebunch wheatgrass and Idaho les- 
cue. Sandbergs bluegrass is nxre comron than in a moister 

environment. Total area in this association is about 

159,000 acres. 
Vl--alla ia1la silt loam - .alla Ycalla silt loam is 

a moderately dark colored, deep, silty soil from loess on 

rolling hills of north central Umatilla County, western 

Sherman County and the east end of Tygh Tidge in :asco 

County. It comprises about 75 per cent of the association. 

The shallow Starbuck a;d Lickskillet soil series an south 

exposures occupy about 10 per cent of this area. Nansene 

and Kuhi soil series on some north exposures also comprise 

about 10 per cent of the area. The rerinder are alluvial 
soils in drainways. 

Walla Y;alla is a Chestnut soil. Starbuc and 

Lickskillet on south oxposures are Brown soils. ::ansene, 

on steep n'th exposures, is a Chernozem, and Kuhl is a 

Chesnut, shallower and more stony than Walla Walla. 

The dominant native vegetation is bluebunch w1atgrass 
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ar4 Idaho fescue with more sandbergs bluegrass o. south 

exposures and more Idaho fescue i north exposures. 

This associa.on is rnostly In wheat-fallow cultiva- 
tion, with only the steepest slopes and alluvial soils 
being used for range. The area represented by this asso- 

dation is approximately 190,000 acres. 

Wm--Walla ;al1a silt loam, moist - The soils in this 
association are the deepest, darkest arid most well 

developed of the alla Walla soils mapped in Oregon. They 

are found on a moderately dissected plateau between 1500 

and 2200 feet elevation in north central Timatilla County 

and in a band east of Milton Freewater at a lower eleva- 

tion. Besides the 'alla alla silt loam, moist which 

makes up about 90 per cent of this associaon, alluvial 
soils make up the remainder of the area. 

This area Is núarl y all used or wheat production 

with practically no rerige laid. Part of this area is used 

for growing peas alternately with vthoat. The total area 

of this map unit Is about 110,000 acres. 

Wy--Walla alla very fine sandy loam - This Is a 

charineled,deep loess, soil association that is the coarsest 
textwed of the Val1a Walla soils and occurs on ridges 
parallel to the Columbia IIver. Both flood and wind action 

may have contributed to the parent materia], of these soils. 
This association is found in Northern Wasco, Sherman 
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arid Umat1la Counties close to the Columbia River. 

2la mila very fine sandy loam makes up about 60 

per cent of the association. Except for texture it is 
like \.alia Vaila silt loam. It i subject to seriou3 wind 

erosior.. !uch of the remaining area is made up of channel 

features such as basalt rockiand, sandy soils, and other 
deposits rangir from clay to gravel n texture. 

These soils are somewhat droughty and are comrtionly 

used for range, altougì 60 per cent of the area can be 

cultivated for wheat. This association occupies about 

35,000 acres. 
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Figure 1. Distrlbutii of Dominant Soil Serles in tI 
Columbia Basin. 
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Figure 2. Soi]. Map of the Columbia Basin, Vasco and 
Sherman Counties Section. 
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Figure 3. Sol]. Map of the Columbia Basin, Gilliam 
County Section. 
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Figure 4. Soil Map of the Columbia Baain, Morrow 
County Section. 
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Figure . Soll Map of the Columbia Basin, Uniat.11la 
County Section. 

Legend of Synibols Used ì the Sol 3. 

Asocitttlon Map of the Columbia ERBIn 

Symbol Soil Association 

A Alluvial soils 
At Athona-?alouc-Vaha 

Co Condon-Bakeoven 

Du Dufur' 

Mc McKay 

Mo Morrow-Bakeoven 

Pi Pilot Rock 

R Basalt Rocklarid 

Ri Ritzville 
S Sandy-channeled soil area 

Sa Saemoor 

Sh Shaziiko- Bake oven 

Wa Waha 

Wc Walla Walla coarse silt loam 

Wd Walla Walla silt loam, dry 

Wi Walla Walla slit loam 

Walla Walla silt loam, moist 

Wv Walla Valla very fine sandy loam 



D. 

::: 

9 4. 
A 

'.: : 
. 

;; 
: 

. 

:.. 
: 

. 

S.. 

-. 
. : 



45 

SOIL MOISTURE IN 'AIE STUDY AREA 

The previous section on climate in the study area 

showed some of the variation In the elements of' climate. 
These differences may be interpreted to show how the mois- 

tire content in the soil changes in each of the major soil 
areas. With this information it would be possible to show 

how much water is available for plant growth or soil form- 

Ing processes in different environments. By deteriining 
the toLal water storage capacity of these soils, it would 

also be possible to snow bether there was a surplus of 

water that could not be stored. 
Some direct soil moisture measurements have been 

taken for soils in Umatilla County over the two-year crop- 
fallow period. However, the lack of this information for 
average weather conditions in other parts of the entire 
area made it necessary to develop a method of estimating 
'oil moisture if tis was to be used as a basis for under- 

standing differences In soils of the study area. 
Peferences were consulted for methods of estimating 

soll moisture from climatological data. Baver (1956; 

6, p. 273-283 arid 322-327) gIves a brief description of 

the variables in soll moisture loss and a computation of 

potential evapotransp1raton. 
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y:ater Ealances 

Three methoc1 of estimating soil moisture loss were 

tried. Those were applied to the irformation available 
for 22 eather Bureau stations In the study area. The re- 
suits are shown on table 2. Differences in climate over 

the area are shown in part by the comparison of monthl7 

values from one station to t next. Basic data for these 
estimates came from 1.31-1955 monthly averages supplied 
by the Portland office of the United States Weather 

Bureau, and other references listed in the following 

s e c t i on. 

The first method tried was that of van Bavel (75, p. 

l-16) which is based on the work of Penman (50, p. 74). 

Mathews et al. (45, p. 1-37) shows how the method has been 

applied to get at water requirement in Great Britain and 

ales. This method assumos that solar energy is the 

primary control of water loss from soils. 
A nomogram was used to mpute potential evapotrans- 

piration from tables and meteorological data. The values 
that were needed for u8ing this nomogram were extra- 
terrestra1 radiation, obtained from van Bavel (80, p. 1- 

16, table 3), a factor for cloudiness, obtained from 

Sternes (56, p. 6-8), and finally mean monthly air tem- 

perature. It was then necessary to multiply the evapo- 

transpiration values obtained by the days in each month 
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since the nomograrn was desiried for a daily estLnate of 

soU water loss. 
The second method was that developed by Thornthwai te 

(61, p. 55-94) and presented in a simplified nomoram form 

by van Hylekarna (61, p. 107-110). 

hie basic formula i e 1.6 (lOt/i)8 where: 

e potenta1 evapotranspiration 
t temperature in degrees centigrade 
a a coefficient triat varies with trie heat index. 
I the annual heat index value obtained by adding 

the onth1y ieat ir4ex fiiuea obtained by the 
f °'9i i (t/51 where i the monthly heat index. 

Monthly potential evapotranapiration was computed 

using he nornogram presented b van y1ckarna, erAtorjrA the 

mean monthly temperature, the annual heat index value and 

a correction for day length from tables in the Thornthwaite 

(61, p. 55-74) publication, for each station. 
Table s for the Thorn thwa te me thod C Thornthwai te and 

Mather, 63, p. 1-226) were used to obtain a third estimate 

of soil moisture losz for each station. 
In table 2 of this thesis, line one presents values 

obtained by the van i3avel method; ihie two presants those 

::hich were computed from the Thornthwaite tables; and line 
three presents those obtained lrom the van iylckarna nomo- 

gram. It can be seen that there s a enera1 agreement 

among the three valucs. 

In all of these methods the basic assumption Is that 



water is available for unlimited ev&potranspiration by a 

growing crop. Thcrnthwaite (63, p. 245-311) has developed 

soil moisture retention tables for various amounts of soil 
moisture holding capacity, howevor they did not prove 

useful In this study. 

Vary soil physicists maintain that the Penman method 

is more sound theoretically than the Thornthwaite method. 

The results obtained by both methods in the Columbia Basin 

are quite similar. }aver (6, p. 324) explains why Thorn- 

thwaite's method gives such good results, by saying that 
"mean monthly temperature is prolably more useful (as a 

basis for prediotLß potential evapoanspiration) under 

continental climates where it Is closely related to the 

amount of sunshine." This seems to be the case here. 

Since temperature data is more readily available than 

solar radiation data In most places, and since at present 
the Thornthwalte and rather (C3, o. l-311) tables are the 
easiest to use, this set of values was used for further 
ana lysi s. 

The subtraction of mean monthly potential evapotran- 

spiration from mean monthly precipitation gave a water 

surplus or, in the case of negative results, water deficit 
figures for each Weather Bureau station. The annual water 

surplus is the total of monthly negative figures. Table 

2, line E, lista the water surplus and deficit for each 
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station. Figure 6 is a map showing these values. 

The water surplus fipres 3ve an estimate of vater 

available for storaCe or deep leaching. The water deficit 

flEures ,ive an estimate of the potential for net water 

loss by evapotrarispiratlon. Table 3 shows Evaporation pan 

data in the study area. Compare these with values for the 

same stations in table 2. 
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PREDICIOOF IL !OISTTE 

Water surplus ar water deficit figures ere general 

irdices of the soil moisture regIme. Soi]. moisture cl- 

tent is a more useful quantity, accordingly predictions 
of soil moisture content were made b a modification of 

trie Thornthwalte water balance method. 

This modificatton was developed by using gravimetrlc 

soil moisture data provided by the Fendleti Grain Growers 

eseerch laboratory. This laboratory has Informv.tion Oti 

changes In soil moisture with time during the wheat-fallow 

sequence from several experimental sites in Umatilla 

County. Data for four of these sites are shown on tables 
4 through 7,4 beginning on page 62. 

Soil moisbire was determined by: (1) taking foot 

increment samples of soil from experimental plots, (2) 

oven drying these samples at 55 degrees centigrade for 48 

hours, (3) calculating the weight lost by drying and 

dividing this weight by the dry weight of the sample to 

get the per cent soil moisture by weit, (4) multiplying 
this value by the bulk density and inches of soil sampled 

to get the Inches of soil moisture por foot. Each site 
was sampled to a restricting layer or to 6 feet at a 

maximum. 

4 Soil moisture was recalculated using bulk density 
measurements obtained from soil samples tested for the 
CooperRtive Columbia Basin Dryland Wheat Experiments 
(1953-1957) 
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The starting point for soil moistire estimetes was at 
harvest time in early July. The lowest values of soil 
moisture occur at this time. In mo't. cases the upper two 

feet is below wilting point as determined in the labora- 

tory and the remainder of the profile is very close to 

thIs point. There is ro veetative cover on these soils 
for the next 15 rnonth. 

During the period from July thrigh October, soil 
noIs turo cortent of the reference soils showed en increase. 
This increase exceeded the inches of moisture that were 

added by precIpItatIo4. It has been observed by the author 

and other sofl scientists that there Is an increase in the 
moisture ortent of the subsurface July and August even 

without precipItaon. This Is evidence that there is a 

transfer of water Into these soils as water vapor from 

below six feet and/or condensed out of the atmosphere. 

It is recognized that part of the precipitatlai falling 
during this period is lort by evaporation. In order to 

account for total increase 1n soll moisture, it was neces- 
sary to add al' precipitation and subtract no evapotrans- 
pirati on. 

Eavor (6, p. 273-274) cites a Russian experiment In 

which a Chernozem showed an Increase in soil moIsture as 

a result of condensation out of the athiosphere and from a 

moister subsoil. A study by Brawand and Çopnke (9, p. 
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195-198) also presents evidence for vapor transfer from 

moist soil to a dry soll layer above lt. 

During the period from November until March the full 

amount of avera potential evapotranspiratlon Is sub- 

tracted from the actual precipitetlon. The lack cf vee- 

tatior wac apparently not toc' importart, perhaps because 

vegetative activity during this period is very low. The 

evaporating surface was kept moist by wintr rains. 

Durin- the period from Apr!l through October after 

the land was plowed, rod weeding was done to klfl any 

vegetation that would deplete soll moisture. This also 

created a dust mulch of 3 to 6 Inches which was almost air 

dry. Vapor transfer out of the remaining profile Into the 

atmosphere and trarspiration b young wheat plants In 

October accounted for other losses Ir sofl. moisture. The 

correction used for stimating nolsture loss during this 

period was to subtract the total moisture content of the 

surface foot plus one Inch of the ria1nlrig soil moisture. 

This gave values cl ose to gravimetricly determined soil 

moisture for the Wella Walla soils but seemed to over- 

estimate losses in the Ritzville soils as shown in tables 

4 through 7. 

From !ovember first through March there v;as both 

sufficient soll moisture and vegetative cover to use the 

water balance unmodified. Potential evapotnsp1ration 
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was subtracted from precipitation arid the difference was 

added to moisture stored in the soil. 
After the end of March, lt appears that at first the 

wheat plants and evaporation extract moisture more rapidly 
from the soil than the calculated potential rate. Then as 

the plant matures, and water becors limiting, the loss 

rate falls off very rapidly. Tri areas where rainfall is 

low and evaporation high the soil is nearly dry in early 
June. :here riore moisture is retained in the soil it may 

be early July before soils are dry. 

These preliminary observations show that the water 

surplus fig)ures used are an approximation of the additions 
to stored soil molsbire In the nnths of November through 

March. The loss of water by leaching Is very slight in 

these soils because they do not fill to their water holding 

capacity. 



Table 2. Pote:tial Evapotrarispirat1on, Procipitaton and the Water 'alance for 
eather Bureau Stations iii the study Area 

Crop year lrom September tirou August, all units 1r iuches. 
The values listed on numbered lines represent: 
i) Potential Evapotranspiratiori computed by the van Bavel method 
2) PotelLtial Evapotranspiration computed by the Thomthwalte method 
3) PotentIal Evapotranspiration computed by the van lylckama nomograrn 
4) Averae monthly precipitati for the 1931-1955 period 
5) Jater surplus (positive values) and water deficit (negative figures) 

Station 
Line S O D J F M A M J J A Total Deficit 
Antelope (1) 
1 2.70 1.24 .30 .31 .30 .56 1.24 1.80 3.00 4.03 5.37 4.34 25.20 
2 3.12 1.69 .47 .00 .00 .24 .61 1.70 2.71 3.90 5.15 4.9 23.98 
3 3.5 1.7 .52 .12 .00 .20 .EO 1.7 2.8 3.8 5.2 4.5 24.84 
4 .64 1.15 1.60 1.69 1.48 1.05 1.04 0.94 1.23 1.17 0.31 0.39 12.69 
5-2.48 - .54 1.13 1.69 1.48 .81 .43 - .76 -1.48 -2.73 -4.84 -4.00 5.54 -16.83 

Arlingtcrì (2) 
1 3.00 1.55 .30 .31 .31 .56 1.55 2.70 3.30 4.65 5.58 4.65 28.46 
2 3.43 1.97 .47 .22 . .24 1.22 2.03 3.48 4.68 6.34 5.49 29.57 

3.00 1.70 .45 .10 .uO .21 1.1 2.0 3.7 4.8 6.4 5.5 28.96 
4 .31 .90 1.30 1.43 1.35 .94 .75 .49 .54 .74 .14 .18 9.07 
5 -3.12 -1.07 .83 1.21 l.55 .70 - .47 -1.54 -2.94 -3.94 -6.20 -5.31 4.09 -24.59 

Condon (3) 

i 2.70 1.24 .30 .00 .00 .56 1.24 2.10 2.70 4.03 5.37 4.34 24.58 
2 3.12 1.69 .47 .00 .00 .00 .61 1.70 2.71 3.51 5.15 4.39 23.35 
3 3.00 1.70 .42 .03 .O .10 .75 1.6 2.8 4.1 5.1 4.5 24.10 
4 .64 1.17 1.47 1.45 1.32 1.08 1.07 0.97 1.15 1.6 0.38 0.33 12.39 
5 -2.48 - .52 1.00 1.45 1.32 1.08 .46 - .73 -1.5e -2.15 -4.77 -4.06 5.31 -16.27 

ai 
ai 



Table 2, continued 
Station 
Line S O J r' M A M J J A Total Deficit 

Dufur (4) 
i 2.7O 1.24 .60 .31 .30 .84 1.24 2.10 3.00 4.03 4.96 4.34 25.67 

2 3.12 1.69 .47 .22 .00 .24 1.22 2.03 3.10 3.°O 5.15 4.76 25.90 

' t.l0 2.2 .46 .14 .00 .25 1.00 1.90 3.10 4.0 5.00 4.50 25.65 

4 .46 1.02 1.70 l.tl 1.96 1.34 1.05 0.66 0.76 0.90 0.18 0,16 12.00 

5 -2.56 - .67 .23 1.59 1.96 1.10 .17 -1.37 -2.34 -3.00 -4.97 -4.60 .05 -19.51 

Echo (5) 

I 3.0 1.24 .30 .00 .00 .56 1.55 2.40 3.30 4.65 5.58 4.65 27.53 

2 .43 1.69 .47 .22 .00 .48 1.22 2.03 3.48 4.68 5.94 5.12 28.76 

3 3.4 1.75 .50 .17 .00 .24 1.1 2.1 3.7 4.7 5.9 5.3 28.86 

4 0.56 0.P? 1.24 l.ô7 1.21 1.05 0.92 0.86 0.67 0.92 0.22 0.17 10.16 

5 -2.87 - .72 .77 1.15 1.21 .57 - .30 -1.17 -2.81 -3.76 -5.72 -4.79 3.70 -22.30 

Ella (Morgan) (6) 
i .30 1.24 .30 .31 .00 .56 1.24 2.40 3.00 4.65 5.58 4.65 27.23 

2 3.74 1.69 .47 .00 .00 .24 .92 2.03 3.48 4.68 5.94 5.12 28.31 

3 3.3 1.7 .38 .1 .00 .23 1.0 1.9 3.4 5.0 6.0 5.4 26.41 

4 .42 .97 1.13 1.24 . 5 1.00 0.79 0.67 0.71 0.87 0.1.4 0.20 9.39 

b -.32 - .72 .66 1.24 1.25 .76 - .13 -1.36 -2.77 -3.81 -5.80 -4.92 3.91 -22.83 

Fossil (7) 
i 2.70 1.24 .30 .31 .31 .56 1.24 2.10 2.70 3.72 5.37 4.03 24.58 

2 2.81 1.69 .47 .22 .00 .24 .92 1.70 2.71 3.1 5.1 4.39 23.81 

3 2.80 1.70 .55 .20 .03 .25 .85 1.60 2.80 3.7 5.0 4.4 23.88 

4 .62 1.26 1.59 1.85 1.78 1.20 1.44 1.07 1.17 1.87 .30 .26 14.41 

5 -2.19 - .43 1.12 1.63 1.78 .96 .52 - .63 -1.E4 -1.64 -4.85 -4.13 6.01 -15.41 



Table 2, continued 
i1ati. 

Lîe S O D J F M A M J J A Total Deficit 

Friend (8) 
1. 2.70 1.24 .30 .00 .00 .56 .3 2.10 2.70 3.72 4.65 4.03 22.93 
2 3.12 1.69 .47 .00 .00 .00 .61 1.70 2.71 3.51 4.75 4.39 22.95 
3 3.00 1.6 .42 .00 .00 .06 .60 1.6 2.8 3.6 5.0 4.3 22.98 
4 .62 1.08 2.49 2.96 2.82 2.06 1.37 .78 1.00 1.06 0.19 0.18 16.61 
5 -2.50 - .61 2.02 2.96 2.82 2.06 .76 - .92 -1.71 -2.'5 -4.56 -4.21 10.62 -16.96 

Heppner (9) 
i 3.00 1.24 .30 .31 .31 .56 1.24 2.10 3.00 4.34 5.37 4.34 26.11 
2 3.12 1.69 .71 .22 .00 .24 .92 2.03 3.11 3.90 5.15 4.39 5.48 
3 3.2 1.8 .6 .23 .00 .3 1.0 1.8 3.0 4.0 5.2 4.7 25.83 
4 .74 1.26 1.50 1.43 1.16 1.11 1.17 1.32 1.21 1.53 0.34 0.37 13.14 
5 -2.38 - .43 .79 1.21 1.16 .87 .25 - .7]. -1.90 -2.37 -4.81 -4.03 4.28 -16.63 

Hermiston (10) 
i 3.00 1.24 .30 .00 .00 .56 1.24 2.40 3.30 4.6e 5.58 4.65 26.92 
2 3.43 1.69 .47 .22 .00 .24 1.22 2.03 3.48 4.68 5.94 5.12 28.52 
3 3.5 1.7 .43 .14 .00 .19 1.1 2.2 3.8 b.0 6.0 5.3 29.36 
4 0.44 0.79 1.10 1.17 1. 0.90 0.73 0.63 0.58 0.80 0.21. .11 8.53 
L -2.99 - .90 .63 .96 1.u7 .66 - .49 -1.40 -2.90 -3.88 -5.73 -5.01 3.31 -23.30 

Kent (11) 
1 3.00 1.24 .60 .31 .31 .56 1.24 2.10 2.70 4.03 5.27 4.34 25.70 
2 3.12 1.69 .47 .00 .00 .00 .61 1.70 2.7]. 3.90 5.15 4.76 24.11 
3 3.2 1.8 .4 .03 .00 .1 .8 1.6 2.9 3.9 5.4 4.8 24.93 
4 0.57 0.94 1.33 1.34 1.22 0.99 0.93 0.84 1.07 1.11 0.23 0.26 10.83 
5 -2.55 - .75 .86 1.4 1.22 .99 .32 - .86 -1.64 -2.79 -4.92 -4.50 -4.73 -18.01 



Table 2, cor'ttnued 
;,tat i.Oti 

n e _S _N D J F M A M J J A To t al Deft c i t 

Nikkalo 6w (12) 

i .4p 1.24 .30 .31 .Z1 .56 1.24 2.40 3.00 4.34 5.58 4.65 26.33 

2 1.69 .47 .22 .00 .24 1.22 2.03 3.48 4.2t 5.54 5.12 27.73 

3 3.4 i.8 .30 .17 .00 .20 1.05 1.9 3e5 4.2 5.7 5.2 27.51 

4 0.47 0.96 1.24 1.37 1.30 0.95 0.74 0.71 0.89 0.92 0.21 0.18 9.94 

5 -2.96 - .73 .77 1.15 1.5O .71 - .17 -1.32 -2.59 -57 -5.33 -4.94 3.93 -21.41 

Milton (13) 
i 3.00 1.24 .30 .31 .31 .56 1.55 2.40 3.30 4.65 5.89 4.65 28.16 

2 3.43 1.97 .47 .22 .00 .24 1.22 2.03 3.48 4.68 5.94 5.12 28.80 

3 3.3 1.8 .48 .17 .00 .21 1.1 2.1 3.6 4.8 6.0 5.3 28.86 

4 .62 1.30 1.57 1.76 1.41 1.26 1.41 1.34 1.19 1.45 0.31 0.21 13.83 

5 -2.el - .67 1.10 1.54 1.4]. 1.02 .19 - .69 -2.29 -3.23 -5.63 -4.91 5.26 -20.23 

Moro (14) 
i 2.70 1.24 .30 .00 .31 .6 1.24 2.10 3.00 4.03 4.6 4.34 24.78 

2 3.12 1.69 .47 .22 .00 .24 .92 2.03 3.10 3.90 5.15 4.76 25.60 

3 3.1 1.70 .40 .10 .00 .16 .75 1.75 3.00 4.00 5.4 4.3 24.66 

4 0.49 1.15 1.71 1.74 1./b 1.23 0.98 0.78 0.76 0.90 0.16 .16 11.83 

'- -2.63 - .54 1.24 1.52 1.75 .97 .06 -1.25 -2.34 -3.00 -4.97 -4.60 5.54 -20.57 

Pendleton Lv. Sta. (15) 
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2 2.8 1.7 .46 .1 .00 .27 1.0 1.9 3.2 4.0 5.5 4.8 25.82 

3 2.81 1.69 .47 .22 .00 .24 1.22 2.03 3.10 3.90 5.15 4.76 25.5w 

4 .63 1.49 1.87 2.12 1.77 1.55 1.C6 1.57 1.22 1.c2 .32 .22 16.04 

5 -2.18 - .20 1.40 1.90 1.77 1.31 .44 - .46 -1.68 -2.28 -4.83 -4.54 6.82 -16.37 



Table 2 

Stati ori 
ontinued 

tine S O N D J F M A M J J A Total Deficit 
Pendleton (16) 
i 7Yl.24 .30 .00 .00 .56 1.55 2.40 3.30 4.65 5.89 4.65 27.24 
2 3.43 1.69 .47 .22 .00 .24 .92 2.03 3.10 4.68 5.94 F.12 27.84 
3 3.5 1.75 .5 .13 .00 .19 1.05 2.0 3.4 4.8 6.4 5.5 29.22 
4 .71 1.18 1.51 1.69 1.48 1.40 1.18 1.04 0.97 1.21 0.26 0.33 12.96 
5 -2.72 - .51 1.04 1.47 1.48 1.16 .26 - .99 -2.13 -3.47 -5.68 '-4.79 5.41 -20.29 

Pilot Rock (17) 
i .0O L24 .30 .00 .00 .56 1.24 2.40 3.30 4.65 5.58 4.65 26.97 
2 3.43 1.69 .47 .22 .00 .24 1.22 2.03 3.48 4.29 5.94 5.12 28.13 
3 3.3 1.8 .48 .18 .00 .20 1.05 2.0 3.5 4.5 5.9 5.3 28.21 
4 0.72 1.17 1.38 1.53 1.32 1.18 1.32 1.43 1.36 1.55 .37 0.40 13.73 
5 -2.7]. - .52 .91 1.31 1.32 .94 .10 - .60 -2.12 -2.74 -5.57 -4.72 4.58 -18.98 

The Dallee (18) 
i 3.00 1.24 .30 .00 .31 .56 1.24 1.80 3.00 4.03 5.27 4.34 25.15 
2 3.43 1.97 .71 .22 .00 .48 1.22 2.03 3.48 4.68 5.94 5.12 29.28 
3 3.6 1.9 .6 .18 .04 .28 1.1 2.2 3.6 4.8 6.0 5.4 29.70 
4 0.47 1.2]. 2.10 2.48 2.45 1.76 1.23 0.51 0.64 0.70 0.09 0.16 13.80 
5 -2.96 - .76 1.39 2.26 2.45 1.28 .01 -1.52 -2.84 -3.98 -5.85 -4.96 7.39 -22.87 

Uìnatilla (19) i 3.00 1.24 .30 .31 .31 .56 1.55 2.70 3.30 4.65 5.58 4.65 28.15 
2 3.12 1.69 .47 .22 .00 .24 1.22 2.03 3.48 4.68 5.94 5.49 28.58 
3 3.5 1.7 .45 .15 .00 .20 1.1 2.2 3.8 5.0 6.1 5.5 29.70 
4 0.40 0.71 1.06 1.14 0.97 0.74 0.70 0.56 0.53 0.72 0.20 0.10 7.83 
5 -2.72 - .98 .59 ..2 .97 .50 - .52 -1.47 -2.95 -3.96 -5.74 -5.39 2.98 -23.73 

01 



Table 2. ctirìued 
stat ii 
Line S O N D J F M A M J J A Total Deficit 

Wella Wella Ftomology LabQratory (20) 
i 3.30 1.24 .30 .31 .31 .56 1.55 2.40 3.30 4.65 5.89 4.65 28.46 

2 3.43 1.69 .47 .22 .00 .24 1.22 2.03 3.48 4.68 5.94 5.12 28.52 

3 3.4 1.7 .48 .16 .00 .22 1.1 2.1 3.6 4.8 5.9 5.2 28.66 

4 0.77 l.2 1.74 1.71 1.67 1.39 1.49 1.38 1.06 1.10 .29 .24 14.47 

5 -2.66 - .17 1.37 1.49 1.67 1.15 .27 - .65 -2.42 -3.58 -5.65 -4.88 5.95 20.01 

:asco (21) 
1 2.40 1.24 .30 .00 .00 .56 1.24 .40 3. :0 4.03 5.27 4.34 24.78 
2 3.12 1.6' .47 .22 .00 .24 .92 2.23 3.10 4.29 5.54 4.76 26.38 

3 3.3 1.7 .47 .11 .00 .22 .95 1.8 3.2 4.3 5.5 4.9 26.45 

4 0.46 1.15 1.62 1.86 1.78 1.22 1.03 0.66 0.73 0.83 0.19 0.19 11.72 

5 -2.66 - .54 1.15 1.64 1.78 .98 .11 -1.37 -2.37 -3.46 -5.35 -4.57 5.66 -20.32 

.eston (22) 
I3.3O 1.24 .30 .00 .00 .56 1.24 2.10 3.00 4.03 5.E2 4.65 26.00 

2 3.43 1.97 .47 .22 .00 .24 .92 2.03 3.48 3.90 5.54 5.12 27.32 

3 3.3 1.8 .5 .14 .00 .21 1.0 1.9 3.2 4.1 5.9 5.2 27.25 

4 .70 1.76 2.19 2.42 2.06 1.92 2.03 1.81 1.61 1.90 .28 .30 18.98 
5 -2.7 - .21 1.72 2.20 2.06 1.68 1.11 - .22 -1.87 -2.00 -5.26 -4.82 8.77 -17.11 

Throughout Table 2, line 5 is arrived at by subtracting 1.ne 2 from ithe 4. 5(4-2). 



Table 3. Fvaporation from Open Pans of Water Measured at Agricultural Experiment 
Statt ca-is in the Columbia Basin from 1931-1955 or Adjusted to this Period 

Month 
Staticai April May June July August Sept. Total 

Inches of water lost 

Hermiston 4.83 6.66 7.77 9.7]. 8.32 5.19 42.49 

Moro 4.00 5.91 6.92 9.16 8.05 5.09 39.13 

Pendleton 3.56 v.21 5.97 8.48 7.67 4.69 35.58 

a11a Va1la 5.28 6.77 7.o3 9.61 8.19 4.86 42.34 

O) 
p-j 
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Table 4. A Modified Water Balance for a 6 foot deep Wafla 
Walla Slit Loam Profile Sampled Near the Hawkins 
Farm, Station nuer 75 figure 7, in Umatilla 
County, Oregon. 

Ali values re In inches of v;ater. 
PE : potential evapotranspiration for Pendleton, Oren. 
P = precipltntton mure at the HawkIns farm. 
1) z pred1ced and 2) = gravimstrio soil moisture. 
1) is taine by adcr.g the difference of ?-E to previous 

soil moisture except where noted otherwise. 
o1 .1. 

Surface average actual moisture 
cover Year !onth PF i) 2) Date 
Stubble 1952 July not .00 5.4 5.4 7-18-52 

Aug. used .17 
S*pt. this .80 
Oct. period .10 

1.07 6.47 

ov. .47 .53 6.53 7.2 11-12-52 
L)cc. .22 2.13 8.44 10.0 12-29-52 

1953 Jan. .00 3.80 
:eb. .24. 1.68 

Fallow Mar. .94 1.49 14.25 
l cdi; J. 

Apr. Sutmicr f 
May loss estimated 14.2 5-18-53 
June differer.tly, 13.1 6-22-53 
July see text. 
Aug. 

Wheat Sept. 11.7 10- 2-53 
Oct. 10.87 

Nov. .47 1.80 
Dec. .2 2.67 

1954 Jan. .00 1.87 
Jeb. .24 .58 
Mar. .92 .85 

1.8 
7,47r 

14.35 15.6 12-21-53 

J6.49 14.3 4- 2-54 
16 49 

Apr. 2.03 1.06 15.52 13.1 4-17-54 
May 3.10 .93 13.35 8.1 5-22-54 
June 4.68 1.C 1O.'3 5.8 7- 2-54 
July 5.94 .09 4.48 5.2 8-1O-5'± 

15.91 3.74 
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Table 5. A Modified Water Bal&ioe for a 6 foot deep Walla 
Walla Silt Locn Pro±Th Sampled Near lhe 
Wecterswid Farm, Station number 71 figure 7, in 
ikiatilla County, Oregon. 

All values re 1n inches of :ater. 
PE - potential evapotranspiration for Echo, Oregon. 
P precipittiori moasured at tho Westersund farm. 

a predicted and 2) ravimetric soil moisture. 
1) is obtained by adding the d!.ffrence of P-PE to previous 

soil moisture or as noted otherwise. 
Soil 

Surface average actual moisture 
cover Year :onth P 1) 2) Date 
Stubble 1953 July not .00 4.75 4.75 7-15-53 

Aug. uaed .74 
Sept. this .00 
Oct. per..od 1.13 6.62 5.3 11-2 -53 

i 

nov. .47 1.91 
..2 2.07 

1954 Jan. .00 1.83 
Teb. .'lfl .7" 

Fallow Mar. 1.22 .86 11.62 9.1 3-29-54 
:,ç) 7.39 11.62 

April Sumrar fallow 
May loss estimated '.2 5-17-54 
June differently, §. -1 - 
July 50e text. +: : 
Aug. 8.0 8- 3-54 

wheat Sept. 
Oct. 8.69 8.5 10-14-54 

Nov. .47 1.23 9.45 9.3 11-30-54 
lì .. 
I_,J ' 

, _i' 
. ... . 1 ) 

ir lo 
J _ .1 

1955 Jan. .00 .90 11.09 102 1-21-55 
b. .48 .53 11.14 10.1 3- 8-55 

Mar. 1.22 1.23 11.15 9.4 4- 2-55 

April 2.03 1.43 10.55 
May 3.48 1.26 8.33 6.9 5-25-55 
June 4.8 .5 4.00 3.8 7-15-55 
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Table 6. A Modified ater Balance for a FUtzville Silt 

Loam Profile flearly 6 feet deep Sampled Near the 
Lorenzen Farm, Station numLer 69 fIgure 7 In 
Umatilla Cou ty, Oregon. 

All values are in inches of water. 
PE potential evapotranspiration for Echo, Oregon. 
F precipitation nieaaured at the Lorenzen Farm. 
1) predicted and 2) gravimetric soll moisture. 
1) is obtained by adding the difference of P-PE to previous soil moisture except where otherwise noted. 

Soi i 
Surface average actual moisture 
cover Year Month PE P 1) 2) Date 
Stubble 1956 July not .01 4.2 harvest l958uaed 

Aug. used .72 
Sept. this .00 5.8 9-18-E6 
Oct. period .97 5.9 

i 70 

Nov. .47 .47 
Dec. .22 .90 

1957 Jan. .00 1.19 7.77 9.3 2-12-57 
Feb. .48 .93 

Fallow Mar. 1.22 3,01 10.01 10.2 4-12-57 
2.39 6.50 

April Summer fallow 
May loss estimated 10.4 5-27-57 
June differently, 9.3 7- 3-57 
July see text. 
Aug. 9.2 9-12-57 

Wheat Sept. 
Oct. 7.35 
1Jov. .47 .71 
Dec. .22 1.17 

1958 Jan. .00 1.76 10.30 12.3 2-15-58 
Feb. .48 1,72 
Mar. 1.22 1.51 11.83 12.9 3-18-58 

2.39 6.87 
April 2.03 2.02 
May 3.48 1.54 9.88 9.2 5-19-58 
June 4.68 .23 5.43 4.2 7- 7-58 



Table 7. A Modified Water Balance for a 5 foot deep 
Fitzville Very Fine Sandy Loam Profile Sampling 
ear Echo, Oregon. 

All values are in inches of water. 
PE = potential evapotranspiraon tor Echo, Oregon. 
P precipitation measured at Echo, Oregon. 
1) : predicted and 2) gravimetric soil moisture 
1) s obtairod by addinb the difference of F-PE to previou5 

soil moisture except where otherwise noted. 
Soil 

Surface average actual mo1sre 
cover Year Month PE P 1) 2) Date 
Stubble 1953 July not .00 4.1 4.1 7-15-53 

Aug. used .41 
Sept. this .00 
Oct. period .87 5.38 5.5 10-29-53 

1.28 

Ìov. .47 1.48 
Dec. .22 1.29 7.46 8.4 1- 6-54 

1954 Jan. .00 1.44 
Feb. .48 .50 8.92 8.6 3- 3-54 
Mar. 1.22 .73 8.43 r-- 
April Summer fallow 9.0 4-14-54 
May loss estImated 
June differently, 8.3 6-22-54 
July see text. 7.9 7-13-54 
Aug. 

Wheat Sept. 7.5 9-17-54 
Oct. 8.4 11- 6-54 

Nov. .47 1.14 6.41 8.7 12- 6-54 
Dec. .22 .61 

1955 Jan. .00 .80 7.60 9.3 1-18-55 
Feb. .48 .62 7.74 9.6 3- 3-55 

1.22 .73 7.25 9.3 4- 1-55 
2.39 3.90 

Apr11 2.03 1.17 
May 3.48 .81 3.72 5.5 5-27-55 
June 4.68 .22 
July 3.4 7-23-55 



Table 8. The Average Inches of Soil Moisture Romalnlng 
Above Oven Dry Ve1j,ht at Harvest Time for Peep 
Loess Soils in the Columbia basin 

Soll type Depth of soil profile in feet 
inches of stored soil moistire 

Athena or Palouse i1t loam 6.00 5.00 4.00 3.00 

Dufu.r silt loam 7.00 5.80 4.65 3.50 

walla Valla silt loam, moist 6.50 5.40 4.32 3.25 

Yal1a V alla silt loam 6.00 5.00 4.00 3.00 

alla Walla silt loam, dry 5.2b 4.35 3.50 2.70 

Walla Walla coarse silt loam 5.25 4.35 3.50 2.70 
and 
Walla Walla very fine 

sandy loam 5.25 4.35 3.50 2.70 

Ritzville silt loam 4.50 3,75 3.00 2.25 

Ritzville verr fine sandy 
loam 4.00 3.33 2.66 2.00 



Table 9. The Average u1k Density of Deep Loess Soils in the Columbia 
Basin and Conversion Factors Used for Various Depths of 
These o1ls 

Soil type Bulk Factor for converting soil moisture from 
Ders1ty1 pe cent to iiches; the fo1ow1ng profile 

depths in feet 

6 5 4 3 

Athena or Falouse silt loam 1.30 94 78 62 47 

Walls ?alla silt loam (all phases) 1.39 100 83.5 66.7 50 

V:alla .a1a silt loam, Vasco County 1.48 106.7 89 71 53.3 

talla Walla very fine sandy loam 1.36 98 82 65 49 

Walls .al1a coarse silt loam 
and Dufur silt loam, Wasco County 1.33 96 80 64 48 

Ritzville silt loam and very fine 
sandy loam 1.42 1,02 85 68 -- 

Ritzvllle soils, Gilliam and Morrow 
Counties 1.28 -- 79 61 46 

i These figures repisent an average profile bulk density for samples from Columbia 
Easin Jryland heat Experiments. 

2 This factor was obtained by multiplying the bulk density times the depth In Inches 
for the profile. 

o3 



In brief, then, the cornputatiorL8 made for the pz'edic- 

t1or of soil moisture from climatic cata ere: (1) add 

precipi tation and i&nox'e po ten tial evapotrarìsp rat ion for 
the July to October period alter wieat harve8t, (2) sib- 
tract potnt!a1 evapotranpiratin from pocipitation and 

add the difference to previous oi1 uioi8ture from Novoer 
to March, (3) subtract soil mol3turc equivalent to trAat 

itored in the surface fo't plus another inch during the 

fallow sumner from April to October, (4) subtrcct poten- 
tial evapotraìisplration fror precipitation and add the 

difference to prev!oua soll mo1siro from hoveniber to 

March. o attempt wa made to predict soil moituie ey1d 
this point for the data tri the ìext section. 

The procedure developed 1 four soil profiles in 
Umatilla Cun1.y, was then tested against sprir and fall 
soil moisture measurements tained from Columbia Basin 

Dryland theat Experiments. These were conducted coopera- 
tive1 by the Arieu1toral Research Service and Oregon 

state College from the fall of 15 Ltil harvest in 1957. 

Over 100 sites were located or rear1y level deep loess in 
all five Columbia Basin Counties. Soil moisture san:ples 

were taken in the fall about planting timo (September to 
October) and in the spring (Yarch to April). These 

measurements were used as check points for soll molsure 
estimates made from the precipitation and temperature 



data obtained at stations shown on figure 7 and in the 

appendix. To obtain a starting point for these calcula- 

tions, an estimate of soil water content on an oven dry 

basis was made for each soil phase or type. This was done 

with data from Pendleton Grain Growers Research Laborat'y, 

Oregon Agricultural Experiment station Reports, Soil Con- 

servation Service laboratory reports and a previous study 

of soil moisture in Walla \alla soil by the author. Table 

8 shows the average inches of water (oven dry basis) at 

harvest time used for starting point8. 

In order to convert per cent soil moisture values to 

inches, bulk density measurements taken on these soils 

were averaged for each phase or type. These values are 

shown on table 9. 

Table 10 gives a comparison between predicted and 

gravimetric soil moisture for the fall and spring of the 

crop year. Column i of this table gives the identifica- 

tion number used for each site in the dryland wheat ex- 

periments. Column 2 is the modified water balance predic- 

tion for each site in the fall when wheat is planted, this 

was correlated with the gravinietric soil moisture at this 

time in column 3. The correlation coefficient, r for this 

set of values was .77. Column 4 shows the predicted soil 

moisture for March of the crop year, this was correlated 
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with values in column representing the gravlmetric 8311 

moisture at the an time. The correlatioïi coefficient, 
r for this sot of v1ues was . 6. Spring soil, moi sturo 

)rødiCtiOm3 were also made, using tall ravirnetric soil 
moisture as a starting point. Those va1es are shown in 

column 5. The correlation coefficient r for the compari- 

son wi th spring ¿ravimetric soll moisture column 6 was .84. 

The prediction of fall and spring soll moistire riay 

be an aid In decidirì w much n1trcen fertilizer to 

apply for increasing wheat yields. Some additional re- 
finements are needed to deal with slope and exposure of 

land surfaces. Runoff and rate of soil moisture loss due 

to the exposure of land surfacs to solar radiation are 
two important factors for making these refinements. 

A more visual comparison of predicted oU mo1sure 
was made by finding the number of predIcted values that 
fell within e d two inches of gravimetric 8011 moisture 

values. 

It was found that In tit fall, predicted soil mola- 

ture was within one inch of gravimetric soll mol stire in 
38 out of 98 observatIons, 32 of the remaining predictions 
were within two Inches of the gravimetric determinations. 
In the spring 4C out of 100 of the predictions were within 
one .nch of the ravimetrlc soil moisture value, 29 of the 

remaining predicted values were within two Inches of 



Table 10. Inches of Predicted and Gravimetric Soil Moisture from Columbia ?asIn 
Locations for 1953-19 57 

Station Fall Fall Spring 
Predicted Soil Sample Predicted 

411 10.38 10.6 17.00 
413 15.9 14.8 22.49 
415 7.3 9.7 11.57 
416 10.27 12.7 14.43 
4112 12.08 11.01 18.07 
4113 6.46 7.6 10.96 
4114 12.11 12.10 17.58 
4115 7.21 8.8 10.26 
4116 11.33 11.5 18.23 
42]. 8.44 9.6 13.84 
422 7.90 9.0 11.72 
426 6.96 6.7 11.02 
433 5.1? 4.8 8.4]. 

435 5.62 6.1 3.24 
436 .04 5.4 9.9) 
438 6.52 5.3 11.76 
444 11.03 11.02 17.56 
445 11.09 10.9 17.14 
451 13.03 15.0 20.73 
452 9.16 9.7 15.99 
453 6.78 6.2 12.68 
456 10.53 12.3 15.78 
458 5.56 10.0 11.96 
459 9.33 11.4 17.03 
4510 9.72 8.5 16.55 

Average 14.44 
512 8.06 7.0 10.24 
513 10.65 11.7 14.99 
515 11.50 10.4 12.43 

Spring Spring 
Predicted Soil Sample 

17.30 15.8 
f) ZQ 

t.)c.) 
, 
. I 

13.34 13.9 
16.86 16.9 
17.00 I6.4 
11.11 10.3 
,r cr Lf..JI 17 7 

., o LL.L?iJ 
,, 

18.4 17.2 
£sJJ 
11.82 12.1 
10.76 9.6 
6.04 7.4 
9.72 10.1 

10.35 8.1 
10.54 8.4 
17.55 17.30 
16.95 16.9 
22.70 19.1 
16.51 15.3 
14.10 12.5 
17.55 16.2 
16.40 14.9 
19.01 16.2 
15.33 13.9 
15.09 13.94 
9.18 8.4 

15.04 13.6 
14.56 14.2 

-4 



Table 10, continued _________________________________________ 
Station Fall Fall Spring Spring Spring 

Predicted Soil Sample Predicted Predicted Soil Sample 

516 11.53 11.7 15.48 15.65 15.5 
517 9.00 9.8 11.25 12.05 12.5 
518 10.71 No Data 14.25 No Data 14.05 
5110 7.28 9.7 8.54 10.96 11.6 
5112 5.66 9.8 7.17 10.31 10.5 
5113 7.36 6.4 10.86 9.90 9.0 
5114 6.08 7.7 6.65 8.27 8.5 
5115 7.79 7.5 9.97 9.68 10.9 
5116 i.lO 8.7 11.30 11.16 10.1 
5117 7.36 8.3 b.62 9.56 9.5 
5118 b.41 5.7 9.76 9.5 8.8 
522 4.45 7.9 5.43 8.88 8.6 
523 6.42 9.7 7.63 10.91 11.0 
531 5.35 6.8 7.08 8.53 9.0 
532 8.12 8.4 11.28 11.56 9.6 
533 6.9 5.3 9.75 8.15 5.6 
534 6.94 6.9 7.83 7.79 6.8 
536 7.11 6.4 9.1]. 8.4 7.9 
547 6.11 8.8 11.82 12.51 11.2 
551 11.57 12.1 14.16 14.67 13.6 
552 5.51 7.8 6.81 9.10 9.0 
554 10.96 10.6 12.80 12.44 12.1 
555 10.73 12.3 11.85 .3.42 13.8 
556 9.2 10.1 11.35 12.Z8 12.2 
557 11.37 12.5 13.56 13.74 13.8 
559 6.3 7.3 7.3 8.3 8.7 

Average 10.32 10.95 10.69 
611 9.94 9.3 21.72 21.08 21.8 
616 6.85 9.6 13.76 16.51 13.9 
617 5.5 7.5 9.37 11.37 13.6 
618 3.4 6.2 9.75 12.55 11.1 

t.o 



Table lO, coetinued 

Statii Fall Fall Spring 
Predicted Soll Sample kred1cted 

6110 
6111 
6112 
624 
625 
26 
631 
633 
635 
643 
644 
649 
651 
652 
6.53 

654 

u i 

Average 
711 
712 
713 
714 
716 
717 
718 
719 

7 35 
10.46 

'1 ri', 
I 1 

3.38 
4.78 
5.05 
4.24 
7 79 
2.75 
6.92 
C 52 
6 57 
5 61 
6.8 
6.8 
6.9 
4.74 

f-') 
- . sL. 

14.8 
1C.46 
J. u. 
,m C-a- ¿2. 
10.64 
c öl; 
., . 

10.67 
13.42 

9.7 
11.1 
8.5 
I 's 

No Data 
3.84 
6.4 
6.05 
6.3 

13.6 
7.8 
9.2 
8.1 

No Data 
11.6 

?o Data 
10.3 

13 1 
.1.z 
J. 's. 

15 4 
12.0 
10 8 
7.6 

10.75 
8.0 

14.26 
r)r P, u. 
lA I; .LXs 's 

8.94 
j. t-. 

13.56 
10.55 
14 24 
9 18 
17.16 
18.53 
17.00 
.2 
J. 's. 

11.90 
1.98 
i 4 89 
13.00 
15.52 
14.14 
19 4 
2]. 61 
21 80 

Z 
J... .t- 

14.11 
,r7 tz 
J. I L's 

14.14 
17.54 

S pri n 
Predicted 

16.61 
21.40 
15.15 
11.06 
16.30 

No Data 
10.15 
12.85 
12.48 

I: i. 
J_ u. *. 

23.61 
18.04 
16.62 
1R 
¿'s. 

No Data 
19 59 

No Data 
19 30 
16.02 
18.7 
18.25 
22 0 
16.76 
14.27 
14.78 
.' u. 
12.12 

721 12.8 12.3 15.40 14.98 
724 8.89 8.85 12.01 11.97 
73]. 6.55 8.0 12.47 13.92 
734 12.86 15.9 18.73 21.77 

Spring 
Soll Sample 

14.3 
20 O 
14.3 
10.0 
13.8 
17 7 
10.00 
14.00 
11.90 
13.93 
19.00 
13.10 
11.7 
13.1 
13.7 
14.7 
f, 
4. t- 

A O L. s 
16.]. 

17.1 
21.4 
15.7 
14.25 
14 9 

13.1 
12.2 
f) 
¿ 's. 

11.1 r r 
J. G . 
20 95 C,' 



Table 10. contInued 

Station Fall 
PredIcted 

Fall 
Soil Sample 

Spring 
Predicted 

Spring 
Predicted 

Spring 
Soll Sample 

735 8.26 10.1 10.82 12.66 12.4 
736 9.33 11.8 13.92 16.39 15.3 
743 14.16 13.7 l7.E 17.06 18.05 
744 12.38 12.2 17.00 16.82 15.8 
747 13.67 13.1 17.57 17.00 14.6 
748 13.98 10.8 17.05 13.87 12.4 
752 6.55 8.0 9.72 11.17 10.4 
755 13.18 17.2 18.18 22.20 16.1 
758 10.66 17.4 14.95 21.69 14.4 
759 12.98 12.3 lb.51 15.83 14.7 
7510 11.11 17.45 14.28 20.62 16.3 
7511 12.00 16.8 17.49 21.93 17.3 

Average 16.20 16.60 14.97 
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gravlmetric soll moisture. 

Some reasons why the soll moi s turc predi c tions did 

not give the same answers as gravintric soil rnoi8ture 

were considered &rl the course of this study. The im- 

portance of these le that future work with these correla- 
tioris may be able to remove possible sources of error. 

I. Possible errors In predicting soll moisture 

A. The raingauge (s) were: 
1. not close enough to the soil sample site 
2. not read the same way by each observer 
3. different in design 
4. located near large obstacles 

B. The estimated moisture content of soils et 
harvest time varies due to particulâr weather 
conditions, fertilization, or management 
practices. 

C. Potential Evapotranspiration was: 
1. signifIcantly higher or lower some years than 

the 25 year average used 
2. a macrotechnique applied to a small ample area 
3. not representative for the sample area 
4. not altered by differences in relative hunIdIty 

or wind velocity 
D. Slope and aspect differences were lare enough 

to cause: 
1. greater or less water lose than on more level 

sites 
2. greater snow accumulation cn north slopes than 

on hill tops or south slopes 

E. Differences in rate of runoff were sIgnificant 
when: 

1. intense rains occur 
2. low temperatures decrease infiltration rates 
3. the surface soil Is frozen for long periods of 

time 

F. More snow accumulated In stubble than in fallow 
land. 
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G. Movone:.t of oiture below six ect citcr by 
leaching or upward vapor transfer during dry 
5easons was significant. 

II. Possible errors lx; soil moisture determired by 
weighing 

A. Insufficient samplln for a reliable value. 

. A difference between the bulk density used and 
the actual bulk dcnziy of the profile samples. 

C. Errors in the dryln or calculation procedure. 

D. Changes in moisture otent below six feet not 
accounted for. 

III. An error due to the time difference between the date 
ol' samplln tud the d:t.j or prodction. 



FIGURE 7. LOCATION OF WEATHER STATIONS USED 
AND DOMINANT SOIL AREAS 

(See Figure 1 for names of dominant soils) 

i 20 

- 
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CHARACTERISTICS T T WALLA 1ALLA SOIL SERIES 
IN A CLIMATIC SEQUENCE 

The Walla Va11a serles is differentiated from other 
soll serles developed from deep loess In the Columbia 

Basin by differences duo to c)imate. The climatic sequeri 
of soils studied here, from moist to dry, is Athena silt 
loar, Wella Valle silt loan moist, Valla Wella silt loam, 

Wella Wella silt loam dry and Rltzvllle silt loam. 

The characteristics of these soils were sttled to 
show how they relate to climate, and to evaluate their use 

as a criteria for classifying and mapping the soils. 
RandOEn samples for each of the above soil units plus 

alla alla coarse silt loam were obtained from sample 

areas used by the Soil Conservatiì Service and other 
Foderai agencies interested in land use in a National Con- 

servation :eeds Inventory. Soil Surv3yors from the Soil 
Conservation Service checked these areas in l953 and 1959 

to be sure classificati on was correct by current standards. 
These sample areas were scattered throughout all 5 counties 
in the study area. 

A profile pit was located within each sample area by 

(1) selecting the largest map unit of nearly level, deep 

loess soil In the sample area and (2) findIng the highest 
point within this map unit i a ridge top broad enough to 
be without erosion. 
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Sample arcas In which thl3 could not be done were 

eliminated. A third requirement for the a11a Walla 811t 

loaìTi samp1e was that a 15 per cent north arid a 1.5 per cent 

south slope had occur close to the nearly level map 

unit, for coîrparison oí characteristics influenced by 

exposure. V,here more than 4 profile pite were avaUable 

for any one soil unit the excess snple areas were ehm- 

mated by use of a random number table. Four or more pro- 

file pit samples were taken of each soil unit in the 

climatic sequence. Additional samples were taken of 

\alla 'alla coarse silt loam and some extras, giving a 

total of' 33 prof.le pit sites. 

Except for color, which was determined n the labora- 

tory, all the usual field characteristics were determined 

using standards and nomencla.ire of the Soll Survey Manual 

(67, p. 189-251). Table 11 reports the field characteris- 

tice that varied from soil to soil. Other characteristics 

were uniform for nearly all the profiles sampled. 

All horizons of all the profiles had silt loam tox- 

ture. Structure of plow layers changed with management 

operattons; lower horizons had weak medium to coarse prie- 

mat-ic structure. Consistance also varied with management 

in the plow layers while in deeper horizons it was gener- 

ally slightly hard, friable, slightly plastic and slightly 

sticky. The pH of these soils is enerah1y 6.5 to 7.5 
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becomir hihei' with depth. hoots and pores of' horizons 

other than the Aor B varied ore with management prac- 

tices or proximity to unaltered parent material. 
It can be seen that orJy the Athena silt loam 20118 

sampled had continuous colloici films ir a F3 horizon. 

Some of the moist Walla ?:?alla siJt loam profiles had col- 
bld films that were not continuous. 

t plow pan rias common in the three highest rainfall 
area soils. This was normally about four Inches thick. 
It appered to be primarily the result of a greater co- 

hesiveness irA these soils but it is also true that mold- 

board plowing Is more common on these soils than on the 

dryer soils. This will .ve greater compaction than sweep 

pbowi which is more common on dryer Loils. 
Lime accumulation In these soils is differentiating 

mainly in the dr environment soils. Lime is found pri- 
manly below five feet on slightly eroded hill tops in the 

three moist environment soils but may be deeper to absent 
at nine feet on north slopes and at about three feet on 

south slopes. Iii both the '?alla Walla silt loam, dry and 

Fitzville, lime is encountered 't about three and a half 
feet on level areas slightly eroded. An area in northern 
GIllIair and Morrow counties has lime at about 20 Inches in 

both Pitzville and Valla \\alla soils. This may be related 
to geologic origin of the substratum rather than an 



accumulation of lime through leaching of the present soil. 
Associated with shallow depth to lime is a greater number 

of storos in the profile. 
One of the characteristics that was an indicator of 

change in moisture conditions was a decrease in number as 

well as size of pores in the soil. This was apoarently 
related to the number of root channels, l.nsects and worms 

active in the soil. A count was made c.f all visible pores 

per square inch by horizon in each orofile sampled. The 

Athena silt loam seemed to have a high count while the 

'al1a Walls silt loam, dry and Rtzville silt loam had a 

low count. For the soils between there was a trerd toward 

fewer pores with dryer environment. The comparison between 

Walla Walls silt loam and afla Wella silt loam, dry shows 

a break in number of pores at eighty per square inch in 
the AC2 or horizon. 

There was a decrease in pressure reouired to break 
natural aggregates of equal size from moist to dry envir- 
orunents. This was concurrent with a decrease in organic 
matter and increase in average particle size within the 

silt loam class. 
To determine colors, the Munsell color charts were 

used in a windowless room having a constant light source 
about one fourth the intensity of sunlight. The distribu- 
tion of wave length frequencies emitted was not that of 



3urAlight, however, a i1xture of inca.idoscent bulb3 vith 
fluoreecerit tube3 gave an array of wave lenth3. The 

advantage of a contarit intensIty source was felt u.ore 

important than the quality of light. 
Two ìct of random number tables were used for sample 

ordering to eliminate bias from looking at horizons iii 

sequence within a profile for the color test. All horizon 

observations in the table thus represent the averao of 

two color determina Uons that were lees than of a value 

or chroma digit apart. Table 12 shows values obtained 

for dry color; table 13 cives those obtained for moist 

color on e.0 samples. 

The observations shov a coìstant iìcreaso in licht- 
nose with dryer environment on the average. Moiet colors 

are a bit more dofintive than dry colors. The comparison 

of individual o'zervations betwoer! soil units shows an 

overlapping of this single characteristIc. It can be 

noted that with the exception of Athena silt loam, the 

color of lower horins chances in the saine direction as 

that of the surface foet wi. th a dryer erivirorment. The 

parent r'sterial of rth'.r.a silt loam may differ froi that 
of the other deep loess soils due to Blue Mountain 

influence and/or beir. older, Totspeick d Sm!th (42, 

p. 467-480). 



Table 11. Soll Horizon Characteristics of Athena, Walla Walla and Ritzville Soll 
Series (Ap horizon above the first depth indicated in all cases) 

Characteristics of the 
Soll unit - Depth to Horizons lowest AC or B Horizon 

sample area indicated Colloid Ibri Roda Grade of 
Coatings per Structure, 
or Other square Moisture 

inches Features inch Variable 
i - - 2 3 4 4a 5 6 7 8 9 

Athena silt loam 
U-9-8-lB 9 Al2 

'J-10-9-lB 

U-10-9-2G 11 Bl(pan) 

U-12-10-B 10 A1(pan) 

13 B 48 Cca thick 160 8 1+ 
c ontlriuous 

i]. B 40 r3-C 60 Cca thin 160 28 1i 
C ontlrnious 

15 B2 53 C 70 Cca medium 150 12 1 

c cmthiua 
14 B 50 C 72 Cea medium -- 5 1. 

ccritinuous 

Wa11 a1la silt loam, moist 
U-9-7-1H 9 :tc(pan) 13 ACorB 54 
U-l1-7-2R 8 Al(pan) 14 AC 46 C 

U-l1-8-lR 11 AC 28 D 

U-11-9-1R li AC 42 
Walla Walla silt loam 
S-5-3-1RX 8 AC1 29 AC2 66 
S-6-3-1R 11 AC1(pan) 15 AC2 42 C 

S-.6-3-2R 6 AC1(pan) 15 AC2 48 C 

S-6-4-1RX 10 AC1 17 AC2 72 
S-6-4-2R 8 AC1 19 AC2 80 
U-10-6-1R 10 AC 28 C 

Cca few patchy 140 13 11 
66Cca 60 16 1 
50 Cca Dhcrtzons,120 28 1 

50 inches 
Cca 50 8 1 

Cca hlghinash?]24 4 le 
66Cca 80 5 1 
72Cca 88 7 1 

Cca 100 16 1.5 
Cca 120 24 1 

50 Cca hard 150 8 1 
nodu]es at 
64 Inches 



Table 11, continued 

Characteristics of the 

Soil unit - Depth to Horizons lowest AC or Horizon 

sample area indicated Colloid Is Roots Grade of 
Coatins per Structure, 
or Other square Moisture 

inches Features inch Variable 

1 2 3 4 4a 5 6 7 8 9 

Walla Walla silt loam, dry 
S-4-5-IFtX 9 AC1 16 AC2 40 Cca 32 8 .5 

S-5-5-].R 7 AC]. 20 AC2 44 Cca 80 4 2- 
S-5-5-2H 7 AC1 18 AC2 44 Cca 52 4 1 

S-6-5-1H 7 AC1 14 AC2 42 Cca 64 4 1.5 
G-6-6-2R 8 AC 28 Cca 76 9 1 

Ritzville silt loam 
G-7-4- 2RX 
M-6-2-1H 

G-6-6-1H 
G-7-4-1H 
G-9-5-1H 

7 AC 28 Cca 28 4 .5 
7 AC 15 Cca D horl- 68 4 1 

zons 60" 
6 AC 24 C 42Cca 60 4 1 

7 AC 15 D 44 Cca 36 8 1. 

9 AC 20 C 42 Cc 20 8 .5 



Table il, continued 
CharacteristIcs of the 
lowest AC or B Horizon Soil unit - Depth to Horizons 

sample area Indicated Colloid Fbres Roots Grade of 
Coatl,gs per Structure, 
or Other square Moistire 

ixches Feaurea inch Variuble 
1 2 3 4 4a 5 6 7 8 9 

Walla Walla slit loam, 15 per cent north slope 
One Ritzvllle silt loam, north added 
S-6-3-1R 11 1(pan) 16 A13 22 AC 36 C 90+ -- 80 8 1 

S-6-3-2H 8 Al2 22 AC 38 C 108+ -- 52 6 1 
¡J-10-6-1H 10 AC 34 C 72+ -- 96 4 1 
G-7-4-2H 11 AC 40 Oca D horizon, 

48 hches 
Walla VaIla silt loam, 15 per cent south slope 
S-6-3-1H 10 AC1(pan) 17 AC12 48 AC2 60 
S-6-3-2H 8 AC1(pan) 16 AC 36 
U-lO-6-1R 8 AC 42 

Walla Walla coarse silt loam 
S-7-4-1H 8 Al2 26 AOl 42 AC2 60 

S-7- 5-iR 8 AC1 15 AC2 66 

Cca 120 6 14 
Oca 120 16 1 
Cca 50 12 1 

Cca channer 80 8 1 frants 
Cca weak HC1 52 9 .5 

reaction 

Letters In sample area number indicate county In which the sample was located, sample 
area code numbers are from Soil Conservation Service maps. 

X Indicates extra profiles sampled besides those randomly selected. 



Table 12. Dry Color of' Horizons in Atba, Walls Walls and Ritzville Soil Series 
Soi]. - 
Sample site Plowpan AC 
number Ap or Al2 AC]. or Bi AC2 or BCC Cca 

Athena silt 
U-9-8-lB 
U-10-9-lB 
U- 10-9-2G 
U-12-10-B 
Average 

Wails Walla 
U-9-7-ÌR 
U-l1-7-2R 
11-11-8-1h 
U-11-9-lB 
Ave rag e 

Walla Walls 
S - 5-3- 1RX 
3-6-3-lR 
S-6-3-2R 
$-6-4-1BX 
S-6-4 -2R 
11-1.0-6-iR 
Average 

Walls a11a 
S-4-5-1R 
S-5-5-lB 
S-5-5-2R 
S-6-5-lB 
G-6-6-2RX 
Average 

lo am 
4.0./1.5 
4.0.1/2.0 
4.0/2.0 

. 0/2.0 
4.0/2.0 

4.0/2.0- 

4.012.5 
4.0/2. 

silt loam, moist 
4.5/2.0. 
4.5/2.0 
4.0./2.0. 
5.0/3.0- 
4.5/2.0. 

silt loam 
(4.5/2.0) 
4.0/2.04 
5.0/2.5 

(4.0/3.04) 
5.0-/2.0 
5.0/2. 5 

silt loam, dry 
4.5/2.0 
5.0/3.0 
5.0/2.0 
4.0/2.0 

(5.0./3.0.) 
. t4f.U4 

4.0/3.0 

A ('.I. 

6.0/3.0 

5.0/3.04 
5.0/3. 

5.0/3.0- 
5.0/3.0 
5.0/2.5 
.0/2.5 
b;ö7 -o- 

C 5.0/2.5) 
5 . 0./3 .0 
5.0.1/3.0 

(5.0/3.0.) 
5.0/3.0 
5.0.73.0 

5.0/3.0 
5 . o/ .5 5.0-/3.0- 

C 6 . 0-J3 . o) 

5. 5/3.0 

6.0/3.0 6.0-.0 

(5.5/3.0) 

c.o/. s 
6.0/3.0 
5.5/3.0k 

6 . 0/3 . O - 

6.04/3.0 
6 . 0/ 2 5 
6.0-/3.0 
6.0/3.0 
6 . 0/3. 

6.0/3.0 
6.0/3.0 

5.0./3.0. 6.0/3.0 
ç r:j. r .'_ i. 

6.0/3.0 
6. 0/3.0 

C 5.0.1/3.0) 
5 . 0/ 3 5 

5.0/3.0 
5.0/3.5 6.0-/3.O 

6.0/3.0 

5.5/3.0 

( 6 . 0/3 . O) 
6 . 0/3 . O 

C .0/3.0 
( 6 . 0/3 . O) 
6.0/3.0 
6.0/3.0- 

. ', 1 

6. 0i./3.0_ 
6.0.12.5 6.0/3.0- 
6 . os/2. 5 

(6.5/2.0-) 
. 04./ 

c13 

tri 



Table 12, continued 
Soil - 
Sample site Plowpan AC 
number Ap or Al2 AC1 or Bi AC2 or BC C Cca 

Rltzville silt loam 
G-7-4-2RX (6.0/2.5) 
M-6-2-lï 6.0-/2. 5 
G-6-6-lB 5.0+13.0 
0-7-4-iR 5.0/3.0 
0-9-5-iR 6.0/2.5 
Average 5.573.0- 

Walla Walia s1t loam, north 
S-6-3-lB 4.0/2.0 
S-6-3-ÌR deeper 
S-6-3-2R 5.0/2.5 
U-10-6-lB 5.0/2.0 4.0/2.5 
G-7-4-2BX (6.0-13.0) 
Average 4.5../2.0 

___________ 
4.0/2.5 

Va1ia Wai)a silt loam, south 
S-C-3-1H 4.0/2.0 
S-C-3-2R 5.0/2.5 
TT-10-6-1R 5.0/2.5 
Average 4.5./2.5 

(5.5/3.0) (6.5/2.0) 
6.0/2.5 6.0/3.0 
5.5/3.0 6.0.12.5 6.5/2.0+ 
5.5/3.0 
6.o-/3.o- E.0/2.5_ 6.5/2.0 
6.0-/3.0- 6.0/2.5 6.512.5 

5.0/3.5 5.5/3.0. 
(5.5/3.0) 

5.5/Z.0 6.0-/3.0 
5.5/3.0 

(5.0/3.0-) (6.0/3.0) 
5.5-/3.0. 5.5/3.0 6.0/3.0 

6.0/3.0 6.5/2.0+ 
6.0/3.0 6.0/2.5 
5.5/3.0 6.0/3.0 6.0/2.5 
6.0-73.0 6.0/3.0 6.0/2.5 

Walla Waila coarse silt loam 
S-7-4-1H 5.0/2.5 6.0-./3.0 6.5/3.0- 
S-7-5-1H 4.0/2.04 4D.0-/3.0+ 6.0-13.0+ __________ o.O/3.O- 
Average 4.5/2.5 C.0/3.04 6.0-73.04. 6.0.i/3.0- 



Table 13. MoIst Color of llorizcxis in Atheia, Walla Walla and Rltzvllle Soll Serles 

Soll - 

Sample site Plowpan AC 
number Ap or Al2 Ad or Bi AC2 or BC C Cca 

Athena silt loam 
U-9-8-lB 2.O./2.O 2.5/2.0 4.0/2.5 

3.5/2.0 4.0/2.5 
4.0/3.0 

0/3.0 U-10-9-lB 
U-10-9-2G 

2.0/2.0 
2.0. 2.0 3.0. 2.0 4.0/2.5 4.0+/2.b 

U-12-10-lB 2.5/2.0 3.0.12.0 4.0/2.5 5.5/3.0 5.5/3.0- 
Average 2.0.72.0 3.0-72.0 b.o-/.o- 

?a11a Walla 
U-9-7-lB 
U-11-7-2R 
U-il -8-lB 
U-11 -9-lB 
Average 

\a11a Walla 
S-5-3-ÌBX 
L-6-3-lB 
- 
S-6-4-1 RX 
S-6-4-21? 
U-10-6-lB 
Average 

Walla Walla 
S-4-5-lB 
S-5-5-1R 
S-5-5-2R 
5-6-5-iR 
S-6-6-2RX 
Average 

silt loam, moist 
3.0/2.0 
3.0- 2.0 
2. 5/2.0 
2 5 /. O 
2.5.i/2.0 

silt loam 
( 0/2 0) 

o 
3.0/2.0 
(2.0.72.0) 
30-J2.0 
2.5JO 
3. 07 .0 

silt loam, dry 

3 0 -/2.0 
(3.5/2.0) 
3.0/2.0 

2.5/2.0 

2.5/2.0 - 

4. o-/2. O 
4 0/2 O 
3. 5,/2. O 
.7 

-i. 
3 5 ./ 2 O 

(3.o./2.0) 
4.0-12.0. 
4.0/2.5 
(4.0/2.5) 
4.0/3.0 
3.5/2.0 
4. û-/2. 

3.0/2.0 

Ç4.O/2. 0.1 

(4.0/2.5) 

(4.0/2.5) 

4.0/2.5 
4.0/2.0 4.5/2.5 

4.0/2.0. 
4.0/2.0 4.04/2.5 

4.0/2.5 
4.0./2. 5 

4.0/3.0 4.0_/2.O. 
4.0/3.0- 4.0/2.5 

4.5/2.5 
4.Oi/3.5 
4. 0./2.O. 
4.0/2.5- 

4.0./2. 5. 

(4.5/3.0) 
5.C/2.5 
4.0.12.5 

( 4 5/3 . O) 
4. 5/2.5 
5.0/2.0. 
4. 5.72. 

4. 0.12. 0. 
.J.Jf . 

4.5/2.0 
5.0/3.0- 

( 5 s 5/2.5) 
4.5.72.5- 



Table 13, continued 
Soil - 
Sample site Plowpan AC 
number Ap or Al2 Ad or Bi AC2 or BC C Cca 

Ri.tzvilie 
G-7-4-2RX 
-6-2-lR 

0-6-6-iR 
G-7-4-lE 
G-9-5-lE 
Average 

silt loam 
(3.5/2.0) 
3.5/2.0 
3.5/2.0 

3.5/2.0 

'halla Walla 
S-6-3-lE 
S-6-3-2E 
U-10-6-lE 
0-7 -4 - 2RX 
Aver ag e 

Walla Walla 
S-6-3-lB 
S-6-3-2R 
U-10-6-lE 
Average 

Walla Valla 
S-7-4-lE 
5-7-5-iR 
Average 

silt loam, 
2.5/2.0 
2.5/2.0 
2 . 5/2 . O 
(4.0-/2.0) 
2 . 5/ 2 O 

north 

3.0/2.0 

3.0/2.0 

silt loam, south 
2 . 5/2 . O 
3.04/2.0 
3 . 0/2 . o 
3.0/2.0 

coarse silt loam 
3.0/2.0 
3.0- 2.0 
3.0/2.0 

4.0/2.0 
3.5/2.5 
3 . 5/2 . O 
4.0-12.0 
.54/2.0 

3.5/2.0 
4.O-/2. 5 
3. 5/2. 0 

: . 5/2 . o) 
3.5/2.0k 

4.0/2.5 
4 . 0/2 . O' 
4.0/2.0 
4.0/2.0. 

4 0/2 . 5 
4.0/2.5 

4.0/2.5 
4.0/2.5 
4.0/2.5 

( 6 . 0/3 . O) 
4.5/2.5 

5.0/2.5 

4.0/2.0. 5.0/2.5 
4.5/2.5 5.0/2.5 

4.0/2.5 4.0/2.5 
4.0/2.5 
4.O-/2.O. 5.0/2.0. 

(4.o4/2j 
4.0/2.5 4.5/2.5- 

4.(./2.O 
5.Q./2.5 

4,0/2.5 4.5/3.O 
4.0/2.5 4.5/2.5 

5 s 5/3 . O 
4.04 3.0 
5.0/3.0 



The cor!'parison of orjanic matter coLtent. as much 

more defiziltive than color aithouh color varies primarily 
with oraric matter content. 

The Valkley-Black method of orarLic matter determina- 

ttai was used ail amnple. This consisted of tre&ttin 

a corstant wfiht of sample with potaesum dichromate iii 

the presence of ccentrated sulfuric acid until the or- 

Caic matter was oxidi7ed. After addin& water, phosphoric 
acid ad ortho phenaritholene dye , the samples were 

titrated with ferrous ammonium sulfate until the remaining 

potassiui d1chrcate haz' reacted. The arrourt of ferrous 
ammonium sulfate needed to neutralize the soil sample was 

subtracted from a blank t indicate the ernount of organic 

matter d1ested. Multiplication by a conversion factor 
based on the efficiency of the reaction end concentration 
of reagents gave the per cent organic matter ir. the snnp1e. 

Duplication of samples was belci to a difference of .2 per 
cent for each averace obtained. Eighty five per cent of 

the samples were wIthin .1 per cent of' duplcatton. 
'rom the results of this analysis (table 14) there 

apeared to be a difference In mean values obtained but 
there were not enough samples from the pit sites to show 

the climatic sequence cspecia1ly between Walla a1la silt 
loam and a1la ?alla silt loam, dry. 

A set of 63 surface foot soil samples In the clImatIc 



sequence were avallaLle from the Columbia Basin Drylarid 

Wheat Experiment plots, these were analyzed at the same 

ti'ne as the pit site samples. Fesults are shown on table 

15 Since the pit site samples represented plow depth and 

different stages in the wheat fallow sequence these values 

could not be included in a statistical comparison of 

sample means. 

Visual observation of table 15 values shows a distinct 

trend in decreasing organic matter content with a decrease 

In moisture of the environmit. It also shows an overlap 

between individual values in other soil units. 

To test whether these soll unit means came from the 

same population, Duncan's New Multiple range test was used 

(38, p. 238-241). It was found that they were all sig- 

nificantly different at the 5 per cent level. 

From the study of soils in the field lt appeared that 

the 'ganlc matter accumulation was deeper in the more 

moist soils also. Since samples were taken by horizon 

rather than at the same depth at each site, this cannot be 

shown by the data obtained. In a moister environment 

organic matter was mixed through the soll deep In the pro- 

file while in the dryer soils at the same depth organic 

matter was concentrated along prism faces. 

The climatic environment for each of the deep loess 

soils was characterized first by showing the difference 



Table 14. The Organic patter Content of orizons in Athena, Walla Valla and Ritzville 
Soll Series 

Soil - 

Sample site All or 
number Ap Plowpan Ad or Bi AC2 or BC C Cca 

Athena silt loam 
U-9-8-lB 2.81 2.21 .54 .20 
U-10-9-lB 2.72 1.14 .47 .35 
U-10-9-2G 2.52 1.05 .48 .32 

U-12-10-B 2.25 1.52 .71 .23 .19 .11 
Average 2.58 1.7 .3 .35 .34 .25 

Walla a11a 
U-9-7--1H 
TY-1l-7-2R 
U-li-8-1H 
U-11-9-1H 
Average 

Walla Walla 
&-5-$--1RX 
S-6-3-1 H 
Q Ç Z 
..J .-, t__ 

S-6-4-1RX 
S-6-4-2H 
U-10-6-1H 
Average 

Walla Walla 
S-4-5-1H 
S-5-5-1H 
S-5-5-2H 
-6-5-1R 
G-6-6- 2RX 

Average 

silt loam, moist 
i 57 
1.88 
i 87 
1.58 
1.80 

silt loam 
(1.78) 
1.41 
i 
(1.62) 
1.78 
i 59 
1.54 

dry silt loam 
1.69 
1.67 
1.21 
i 70 

.91) 
i. 57 

1 14 

1.14 

.92 
63 

1.05 
.75 
.84 

(1 07) 
.49 

ç: 

( .57) 

.82 

.60 

1.43 
1.04 
1.00 

.34) 
1.16 

(.94) 

(.50) 
.54 

.54 

.82 

.11 

.48 
53 

.49 

.44 

.43 

.44 

(-I 

.19 

.74 

.39 

.21 

.29 

.40 
30 

( . 13) 
.16 
.11 

(.14) 
.13 
.34 
18 

.62 
s 40 
.42 
.]7 

(.43) 
.40 



Table 14, continued 
Sol]. - 
Sample site All or 
number Ap Plowpan AC1 or 131 AC2 or3C C Cca 

Ritzville silt loam 
M-6-2-1H 1.08 .76 .64 

G-6-6-1H 1.10 .59 .22 .26 

G-7-4-1h 1.02 .48 

G-9-5-1H .91 .77 .57 .29 

G-7-4-2P3( .84) .7e .44 

Average 1.04 .65 
______ 

.40 .39 

Vaila Walla 
-6-3-1 R 

S-6-3-2H 
U-l0-6-1R 
G-7-4- 2RX 
Average 

Wafla Walla 
S-6-3-1H 
S-6-3..2R 
U-10-6-1H 
Ave r age 

Waila Walla 
S-7-4-1H 

Average 

slt loam, 
1.84 
1.62 
i 73 

north 

silt loam, sciith 

1.12 

1.12 

.56 

.41 

.66 
(.04) 
.58 

.34 

.32 

.35 

.34 

24C 
.1GC 

(.26) 
.20 

- o .c.,J . 

1.26 .60 .12 
1.32 .62 .37 .12 
1.43 .48 .3? .17 

coarse silt loam 
.' IA 
A I 

,, 
. 2 . . -X .L 

1.31 .47 .28 .16 

1.42 .47 .36 

X Indicates extra profiles sampled besides those randomly selected. 
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Table 15. Organic Matter Content of Surface Foot Soil 
Samples from Columbia Basin Dryland 'Iheat 
Experiments 1953-1957 

Sample Soil Per cent Sample Soil Per cent 
Soil site depth organic Soil site depth organic 

number feet matter number feet matter 

Athena eilt loam 
611 5 273 
515 ô 2.62 
413 6 2.45 
516 6 2.43 
713 6 2.38 
411 6 2.34 
4116 6 2.34 
5118 b 2.13 
518 6 2.08 
5113 5 1.69 

Average 2.32 

Wallawalla 3i1 loam, moist 
644 6 2.43 
4112 6 2.02 

6 
711 6 1.77 
717 6 1.70 
513 6 1.4B 
6111 6 1.43 
616 6 1.42 
712 6 .20 

Average 1.72 

Walla a11a silt 
557 6 
734 6 
552 3 
659(Wc) 6 
724 4 
'1510 6 
426 4 
453 6 
4510 6 
522 4 
- 

652 6 
651 6 

Ritzvi 11e 
752 
421 
559 
4115 
721 
r 31 
5117 
624 
626 
532 
5110 
536 
617 
633 
625 
-J 

534 
514 

loam, dry 

Average 

silt loam 
3.5 
5 
4 
5 
6 

3.5 
6 

3. 5 

6 
6 

6 
5 
6 
6 
5 
5 
5 
5 

Average 

i . 46 
1.42 
1.33 
i 37 
i 30 
1 25 
1.25 
1 22 
i 20 
1.19 
1.18 
1 16 
'I'll 

i 27 

1 25 
1.09 
1.08 
1.04 

.93 

.91 
ego 
s 89 
.89 
.88 
.86 
.85 
.84 
s 83 
.80 
.76 
76 

.74 
e 91 
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Table 15. conttnued 
Sample Soil Per cent 

Zoil site depth organic 
nunter feet matter 

Walla ?a11a s1t loam 
744 6 1.89 
551 6 1.8? 
4f' 
X4.%.d J i 

A.. 

555 6 1.79 
451 6 1.64 
758 6 1.59 
755 1.51 
554 6 1.49 
412 6 1.47 
456 6 .47 
444(D) 6 1.42 
459 5 1.42 
714 6 1.40 
517 6 1.32 
6110 6 1.27 
6112 6 1.20 
654 6 1.19 
719 6 1.14 

Average 1.4ì 

(D) is a sample that is trisitioria1 to Dufur soil. 

(Vt/c) :1 9 a sample that Is transitiora1 te :.afla ::alla coarse 
silt loam. 
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between potential evaporation curves and rainfall curves 

for a station within each delineation, figures 8-12. This 

shows graphically the differences presented in the last 

column of table 16. Another thing that shows up is the 

length of time that precipitation exceeds evapotranspira- 

tion. For these renresentative stations the range is 

given below. 

Wes ton October 5 to March 25 

Pendleton Branch Station October 5 to March 15 

Pendleton October lO to March 7 

Mikkalo 

Echo 

October 12 to February 20 

October 12 to February 20 

If it is assumed that there ts equal water storage 

capacity in soils at each place, it is easy to see how the 

Ritzville silt loam might run out of water a month sooner 

than tle Athena silt loam. 

Data presented in column 3, table 16, were available 

for comparing precipitation during t} period from 1955 

to 1959 with potential evapotranspiration at the nearest 

temperure recording station. An average of the water 

surplus during the months of November through March for 

each of the deep loess coils was obtained and compared to 

the twenty-five year water surplus previously obtained. 

Again the averages are separated but the ranges over- 

lap. There Is practically no difference in the data shown 



[e'! 

between the Walla Valla silt loam, dry and itzville silt 
loam. This was somewhat surprising due to the difference 

observed in or'anic matter and color in the previous sec- 

tion, The differences in moisture environment must not be 

measurable by this approach for these two soils. 
A comparison of the five year data with the twenty- 

five year data shows that the differences In water surplus 

between soils has been less In recent years. The water 

surplus for the Athena silt loam shows a diiference of 

only .2 of an inch for the two time periods. For the 

al].a Valla silt loam, moist there is a difference of .3 

of an inch. Walla Walla silt loam has a difference of .5 

of an inch. V.alJa V.al1a silt loam, dry and Ritzville silt 
loam both show a difference of 1.00 inch between the two 

time periods. Thus there Is a difference in the moisture 

environment of these soils at any one time and at the sane 

time a greeter fluctuation ir1 the amount of water received 

from year to year or period to period for the dryer soils. 
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Table 16. Correlation of ater Surplus with Deep Loess 
Soils in the Columbia Basin 

Five year and twenty-five year rainfall averases for rain- fall statioru in the Columbia Basin were computed. From 
theae, 2 year Potential Evapotranspirat.Loii was subtracted. 
The results of this comparison are shown below. 
Station Water surplus iii nchee 
Number Nno 1955-1959 1931-1955 

Athena si. 1. 
83 Shuxnway 8.30 
84 Crow (8.09)1 
75 Wood 9.67 
22 Weston not_ooinpatible 8.77 

Average 8.98 8.'?? 

Walls Walla si. 1. moist 
81 Farm Chemicals 7.91 
15 Peridleton Branch Station 6.70 6.82 
72 Leake 6.84 
73 Hawkins 7.50 
74 'oodward 6.91 ______ average 7.17 8.82 

Ydalla Walla si. 1. 
Mi1to 6.61 5.26 
Moro 6.06 5.54 
Perleton 5.43 5.41 
Wasco not last 5 yrs. 5.66 

55 P. Kaseoerg 
57 A. Pinkerton 5,46 
61 .. Thonias 5.60 
65 F. watkins 7.18 
60 L. Sayers 6.26 
71 Westersund 6.34 

Average 6.0 
______ 
5.47 

es Hi11 between (5,41)* 
86 King' 71 and 72(5.55) 

Walla alla silt loam, dry 
51 W. E. Bruckert 4.76 
62 T. Thompsi 4.83 
12 Mikkalo 5,12 3,93 

Average 4.90 3.93 



Table 16. continued 
Station 
}umber 

- 

!aine 
Water surplus 

1955-1959 
in inches 

1931-1955 

Ritzville silt loam 
27 M. Neatherford 5.54 
29 D. Baker 5.50 
37 D. He1ker 5.03 
39 A. Linstrorn 4.64 
4 H. Proudfoot 4.54 
46 J. Proudfoot 4.82 
69 Lorenzen 5.34 
78 McCarty 4.52 
70 :ÁcLnald 4.62 

5 icho 4.43 3.70 
6 and 39 Ella 4.64 3.91 

Average 4.7 3.81 

* There appeared to be much lower values of water surplus 
at those stations than at adjacents stations, they are 
not 1.nciudad .n avoragec ¿lyon. 
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SUMMARY OF MORPHOLOGICAL AND ENVIRC)N?EAL 
RELATIONSHIPS OF WALLA WALLA SILT LOAM5 

The name a11a a11a is a rnean 01' conveying a bulk 

of Information about a segment of land resources in the 

Columbia Basin from a poltion on the land to the mind. 

It is much more than the soil material that can be dis- 
seeted in various ways in the laboratory; it is a set of 

processes which we ceri measure in many ways. A look at 
the average characteristics resultir from these processes 
and an idea of their range is a way of defining this name. 

This Is a deep, well drained soil developed from wind 

blown material about 60 per cent silt size. 
It has a climate characterized by mild wet winters 

and dry sunrers. Average rairfall ranges by location from 

about 10 to l Indies. The moisture stored in the soil 
each wet season comes mainly from precipitation that falls 
during the period, November first through March. This 

averages four to seven Inches. When wheat is growing, the 
moisture stored in two years is used up about the end of 
June to early July. January temperatures average 30 to 31 

degrees. Frost only penetrates an average of two inches 
under sod. The soil is frozen for a period of about four 
weeks. July temperatures average 68 to 75 degrees with a 

Referred to previous soil descriptions for some niodifi- 
cation of Characteristics mentioned In this section. 
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daily fluctuat±on ol' about 30 degrees. 

The Walla Walla soil series occurs on rolling hills 
with an average slope from 10 to 20 per cent. In this dry 

climate, aspect has a large effect on soil characteristics. 
The .-tp horizon or plow layer averages 9 inches deep. 

It is a greyish browr to dark greying brown 10 YR 4.5/2.0 
silt loam when dry arid a very dark greyish brown 10 YR 

3.0/2.0 when moist. Plowing loaves a very fine granular 
structure that breaks easily wIth finger pressure. The 

low organic matter content, 1.50 per cent, and low clay 

cctant, 15 per cent, make soil particles only slightly 
cohesive when wet. pH of this horizon is 6.8. The lower 

boundary is abrupt arid smooth. 

The rxt horizon is normally a plow pan about four 
inches thick. It is usually AC horizon material that has 

been compressed into a massIve layer more difficult to 

penetrate than the hor!zcxì above or below. The lower 

boundary is abrupt and smooth. 

The AC or transition zone may appear to be all one 

horizon or two. hen two are distinguished the upper may 

be 13 to 45 inches deep. It is a dark greyish brown 

10 YR 4/2 silt loam when moist and a brown 10 YR 5/2.5 

when dry. The natural structure Is vertical prisms that 

may begin at about 2.5 inches across then increase to 5 

inches or greater. These break almost at touch wh&i 
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handled individually. Clay content is about 12 per cent, 

depending ori the locality, and the organic matter content 

decreases to about .60 per cent. When wet this soil is 
only sl.ghtly cohesive. Hoots are ftne and fibrous aver- 

aging 12 per square inch. There are about 80 visible pores 

per square inch in this horizon, the mean diameter is abxit 

1 millimeter. pH increases to 7.0. The lower boundary is 

gradual and wavy. 

The secad AC horizon is 45 to 55 inches deep, a 

brown 10 YR 4.0/3.0 silt loam then mot st and a saturated 

brown 10 YR 5.0/3.04 when dry. The orisms are coarser 

ranging over 4 inches across. Cleavage faces are dis- 

tinguished by somewhat darker color and a few more roots 

than Interiors of prisms. These are difficult to remove 

from the pit without breaking. Clay cont&xt decreases to 

11 per cent and organic matter decreases to .50 per cent. 

This horizon is only sliht1y cohesive (sticky and plastfr) 

when wet. Roots are fine and fibrous about 8 per square 

inch. About 100 fine tubular pores per inch can be seen. 

These have roots or insects in them. pH increases to 7.2. 

The lower boundary is gradual arid wavy. 

The C horizon is 55 to 62 inches deep, a 10 YR 4.0ì2.5 

brown silt loam, when moist and a 10 YR 6.0/3.0 pale brown 

when dry. Frisms are hard to distinguish but larger than 

8 inches across. There is practically no structure here. 
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Clay content docreases to 6 per cent, orariic matter de- 

creases to .40 per cent. This horizon is less sticky arid 

plastic than the AC2 when wet. There are about 4 fine 

fibrous roots per square Inch. Visible pores number 60 

per square inch, uveraging i millimeter in diameter. pH 

is 7.7. The lower bounuary is gradual and wavy. 

The last horizon eins at the depth where free lime 

IS first encountered. This is at about 62 inches. It is 

a brown 10 Yli 4.5/2.5 silt loam when moist and a pale 

brown 10 YR 6.0/3.0 when dry. It is structureless, becom- 

ing more flrir with uepth and increasing concentration of 

lime. Very hard calcium silIcate cemented nodules about 

1/2 to i Inch in diameter are common. There are dark 

grains about .5 millimeter in diameter mixed in the light 

matrix. Clay content remains about 6 per cent, organic 

matter decreases to .20 per cent. This horizon is slightly 

sticky and plastic when wet. Roots decrease to one per 

squrire inch and pores to about 25 per square inch. pH 

increases to 9.0. 

All colors given are from the Murisell Color Charts. 

All pH readings are on a 1:1 soil water paste. 

Range of Characteristics 

The thickness of the Ap horizon rges from 6 to li 
inches; Its dry color ranes from 10 YR 4.0./2.04 to 



5.5/2.5. Moist color rances f rem 10 YR 2.0/2.0 to 10 YR 

3.F/2.0. Texture ranges from a very fine sandy loam to a 

silt loam. Organic matter ranges ñom l.0 to 1.10 per 

cent. Structure due to tillage is a fine granular to very 

fine granular always in the weak range. Coisis tance 3 .1 

always s1ght1y hard friable, slightly sticky arid slightly 
plastic. roots and pores vary with stage of cropping ar 

disturbance by cultivation. pH ranges from 6.0 to 7.5. 

The plow pan is found in about half of the V. a1! a 

?a1la soils. It is more ¡xonounced with those soils 

higher in fine silt, clay, organ3c matter, and where a 

moldboard plow is used. It ranes from O to 7 inches 

thick. It may not be apparent v.hort solle are moist but is 

hard to penetrate when they are dry. It ranges from lower 

A horizon material to upper AC hon 7.or miter1al. 
An Al horizon is found below the Ap or plow pan on 

north slopes in the 7 to 20 per cent slope group. It has 

characteristics similar to the Ap. 

The AC horizon was described a one transition in 

about 3/4 of the a1la Walla soils sampled. It or they 
ranged in thickness from 15 to 60 inches. In those pro- 
files with a clear AC1 to AC2 break, the textural change 
was imperceptaLle. Moist colon rarged from 10 TIR 3.5/2.0 

to 4.0/2.5 in the Ad and 4.0, 2.5 to 4.0/3.0 in the AC2. 

Dry color ranged from lO YR 5.0/2.5 to 6.0/3.0 in the AC]. 
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and 6.0/3.0. in the AC2. There i a decrea8o in clay from 

11 to 14 por cent ir t} AOl to 10.5 to 13.E per cent ir 
the .AC2. Organic nìatter decreases from 1.10 per cent to 

.50 per cent in the Ad to 1.00 to .10 per cent irA the 

ÄC2. .tructure varies from a very ïeak to weak prismatic 

i a coarse to vex coarse ¿rade. Structure becomes 

weaker and coarser with depth. J'ine roots vary from 4 to 

32 per square inch in the LCl to 4 to 24 in the AC2. 

Pores range from medium to fir. e ri the !tCl to fine In the 

AC2. There are CO to 130 per square inch in both the AC). 

iid AC2 but there is usually a difference of at least 10 

per square inch from one to the other. pH ranses from 6.5 

to 7.5 

The depth to free lime varies from 36 inches ì south 

slopes and eroded uplands to none within 9 feet on very 

deep north slopes. The hardness of the lime layer varies 
from soft or very friable to extremely hard or fiin. The 

extremely hard mat eri al may ht. a remainant from much older 
soils or geologic depositions. 



106 

I BLI OGiAPH'L 

1. Alban, L. A. and Mildred Kellogg. Methods of soil ara1ic a uzd in the OSC sofl tcstng labora- 
tory. Corvalll8, Oregci State College, 1959. 
) p. (Jxogi ArIcu1tura1 xprirnent Stat1or. 
Miscellaneous paper 65) 

2. Allen, J. E. and !. D. Smith. Suggested physio- 
grpnic divisio:c of Oregon. Proceedi:.s of the 
Oregon Academy of Science 1:101. 1943-1947. 

3. A11isì, Ira S. New version of the Spokane flood. 
Ceological Society of America. 3u11stin 44: 
675-722. 1933. 

4. -s Tandforme. In Atlas of the Pacific 
..:orthwest, eciltod oy Richard M. Hijiamith, Jr. 
2nd ed. Corvallis, Oregon State College, 1957. 
p. 7-10. 

5. Antevs, Lrn8t. On div1sion of the 1st 20,000 years 
arjd the post pluvial or neothermal. California. 
University Departtcnt of Anthropology Archao1og- 
teal survey. Reports nos. 22 arid 23 1953. p. 

6. Baver, Leonard D. Soil Physics. 3d cd. Ue iork, 
Wiley, 1956. 489p. 

7. Becker, C. F. and J, S. Boyd. Solar radiation ava1a1i;y on urfaco in the U.S. as affected 
by season, orientation, latitude, altitude and 
cloudthez3. The Jouria1 of Solar Enery Science 
arid Engineering 1:13-21. Jan. 1957. 

8. Beck, C. F. Fossils In the Tertiary sedimentary beds 
of tsteni Washington. Geo1o.1cal Society of 
America. Bulletin 51:2018. 1940. 

9. Brawarid, H. end Helmut Kopnke. Microclimate and water 
vapor exchange at the soil surface. Soil Science 
Society of America. Proceedings 16:195-198. 
Apr. 1952. 



107 

10. Brezeale, J. '. tmd '. J. Plant a3oat1on 
and survival and the build up of water in semi- 
r1 o11s. Tucson, 1934. p. 95-123. 

(Arizona. Agricultural Experiment Station. 
Technical Bulletin no. 53) 

il. iretz, . J. The late Pleistoce'e mbergence ir'. the 
Columbia valley of Oregi and Vashington. 
Jo.rna1 of "eoloy 2749-5Oe. Oct._Nov. 1919. 

12. Bretz, H. J. Spoksrìe flood beyond the channeled 
scabland, II. Journal of Geology 33:236. 1925. 

13. Bretz, H. J., H. T. U. Smith and G. Neff. Channeled 
cab1ands of 'Yashington: new data and i.terpre- 

tations. Geological Society of America. 
tul1etin 67957-105O. 1956. 

14. T3roecker, W. S. and P. C. Orr. acUoc.arbon chron- 
ology of Lake Lahontan and Lake Bonneville. 
eoloical Society of Aorioa. Pulletth 69: 

1009-1032. Aug. 1958. 

15. E3ryan, Kirk. Glacial climate in non-glaciated 
regLris. American Journal of Science 16:162- 
164. 1928. 

16. Butler, P. F. and J. A. Prescott. Ivapotransp1ration 
f:'r)m wheat nd piture in relatior to available 
water. Australian Journal of Agricultural 
fleearch 6:52-61. 1955. 

17. . G. Basic principles o' oi1 c1assif.ca- 
tion. Soil Science 67:81-91. 1949. 

18. Condra, G. E., E. C. Ieed and E. D. Gordon. Correla- 
tien of the Pleistocene deposits of Nebraska. 
Lincoln, 1950. 68 p. (Nebraska. Geological 
Survey. Bulletin l5a) 

19. Day, John A. and Fred W. Decker. Rudiments of 
Weather. Corvallis, Oregor State College. 
1958. 95 p. 

20. Douglass, John F. Morphology and genesis of the 
Condon, Morrow and Walla Walla serios of the 
Mid-Columbia basin, Oregon. Ph. D. thesis. 
Corvallis, Oregon State College, 1956. 134 
numbered leaves. 



108 

21. Fos ier, Edgar E. Runoff and rainía11. 'ew York, 
MacMillan, 1948. 487 p. 

22. Gassott, 9arry and L. E. Warner. A modern approach 
to v:hoat fortilizatlon. Plant Food Review. 
1ummer_1?all 1958, p. 6-8. 

23. GeIger, Rudolph. Climate near the ground. 2d oI- 
tion, translated from 3oiaì by ii1rDy . 

3tewart. Cambridge, Mas3., Harvard Tlnlversity 
Press, 1957. 494 p. 

24. Gilluly, J., A. C. Waters and A. O. llcodford. 
Principals of Geology. 2d ed. San Francisco, 
'L. i. Freeman and Company. 1960. 534 p. 

25. Hall, William E., Superintendent, Sherman Branch, 
Orcgon 1grIcu1tu'a1 ixperiinent Station. Moro, 
0regì. Interviews. 

26. Hansen, Henry P. Postglacial fTest succession, 
climate and ohronoloy in the Pacific northwe8t. 
Transactions of the American Philosophical 
Society 37:1-130. 1947. 

27. Harpe.r, . G. et al. Soil survey of the iJma tilla 
area, Oregon. Washingtxx. U. S. Government 
Printing Office. 1948. 125 p. (Serles 1937 
n,). 21) 

28. Harrold, Lloyd R. and F. R. Dreilbilible. An ac- 
counting of daily accretIon, depletion and 
storage of soil water as deteniined by weighing 
monolith lysimeters. Transactions of the 
American Geophysical Union 26:283-292. 1945. 

29. Harrold, Lloyd L. Lysimeter checks on empirical 
evapotranspiration values. Agricultural Engin- 
eoring 39:94-97. Feb. 1958. 

30. Hodge, Edwin T. The hi8tor7 of the Columbia River. 
Geological Society of the Oregon Country. News- 
letter 1:1-3. iay 1935. 

31. _______________. Geology of North Central Oregon. 
Corvallis, 1942. 76 p. (Oregon State College. 
Studies in Geology. no. 3) 



109 

32. 1oenson, 3. M. Geology ¿vid ¿round water ro3rces 
of th mati11a Basin, Oregon. U. S. Geological 
Survey. Open file report Mar. 1957. 309 p. 
(Mimeographed) 

33. Hyder, Donald !1., F. A. $nova and '. A. Sawyer. 
Sagebru3h or grass. Corvallis, Oregon State 
College. June l'J. CIrcular of Lifornation 
ìo. )O. 10 p. 

34. Jones, J A regional analysis of Oregon climate. 
Master's thesIs. Eugene, University of Oregon, 
l53. 117 nunb. leaves. 

35. KaatE, Martin R. Patterned ground In Central 
Washingtcri. !orthwest Science 33:145-156. Nov. 
1959. 

36. Laphaii, Macy. Chriscross trai]s. Berkeley, Calif., 
\ri1lis Berg, 1949. 246 p. 

37. _______________. Sorae salient profile characteria- 
tics in loessial soils of the Northwest. 
American Soil Survey Association. bulletin 11: 
74-78. 1930. 

38. Li, Joroìie C. R. IntroductIon to statistical infer- 
enea. Ann Arbor, Edwards !3rothera, Inc. 1957. 
553 p. 

39. Libby, Willard F. Radiocarbon dating. 2d ed. 
Chicago, University of Chicago Press, 195e. 
175 p. 

40. Livingston, B. F. Physiological temperature indices 
for study of plant growth in relation to 
climatic conditions. Physiological Re3earch 1: 
399-420. 1916. 

41. Lofgren, Everett B. Methos arid approaches used In 
cietennining consumptive use froua c1imtic data, 
a review. Master of Agriculture paper. 
CorvallIs, Oregon State College, 1958. 44 numb. 
leaves. 

42. Lotapeich, F. B. arid H. W. Smith. Soils of the 
Palouse loess: I. Trie :a1ouse catena. Soil 
Science 76:467-480. 1953. 



110 

43. Lowery, W. P. The fallln rate phase of evaporative 
soll moisture loss--a critical evaluation. 
ulletin of the American Meterological Society 

40:605-608. 1959. 

44. Marlatt, William E. A comparison of evapotranspira- 
tion computed from climatic data with field and 
lysimeter measurements. Master's thêsis. New 
Brunswick, New Jersey, Rutgers UniversIty, 1958. 
Cited In reference no. 43. 

45. Mathews, R. H. et al. Calculation of Irrigation 
need. London, Her Majesty's Stationary Office. 
1954. 37 p. 3 maps. (Technical Bulletin no. 
4) 

46. MItchell, R. F. et al. Field and laboratory studies 
of sane soIT Vasco, Sherman and Gilliam 
counties, Oregon. Riverside, California. Field 
Staff and Lab'atory Staff. 15. S. Department of 
Agriculture. Soil Conservation Service. May 
1959. (Mimeographed) 

47. Newcomb, R. C. PrelIminary report i the ground 
water resources of the Walla Walla River basin, 
ashington-Oregon. U. S. Geological Survey. 

Open file report. 1951. (CIted In reference 
no. 33) 

48. Oveson, Merrill M., Superintendent, Pendleton Branch, 
Oregon AgrIi1tural Experiment Station. 
Pendle ton, Oregon. Interviews. 

49. Pendleton Branch, Oregon Agricultural Experiment Statir. Annual reports 1931-1959. 

50. Penman, H. L. The deperence of transpiration on 
weather and soil conditions. Journal of Soil 
Science 1:74. 1949. 

51. Rieger, Samuel and H. W. Smith. Soils of the Palouse 
loess: II. Development of the A2 horizon. 
Soil Science 79:301-319. 1955. 

52. Rockie, W. A. Detailed conservation survey of the 
Sherman County Branch Station, Moro, Oregon. 
June 1938. 10 p. 1 map. (typewritten) (file 
copy of the Department of Soils, Oregon State 
College) 



in 

53. Rockle, V. A. Snowdrift erosion in the Paioue. 
Northwest Science 24:41-42. Feb. 1950. 

54. Sohlicker, H. G. Bibliography of theses on Oregon 
Geology. Portlax.d, 1959. 13 p. (Oregon 
Department of Geology and Mineral Industries. 
Miscellaneous Paper no. 7.) 

55. Shennan Branch, Oregon Agricultural Experiment Sta- 
tion. Annual Reports 1931-1959. 

56. Srnftb, G. D. Illinois loess variations In its 
pro'erties and distribution. Urbana, University 
of Illinois, 1942. 45 p. OEllinois. Agricul- 
turai Experiment Station. Bulletin no. 490.) 

57. Smith, Lionel P. Farming weather. London, Thomas 
Nelson and Sons, 1958. 208 p. 

58. Sterns, Gilbert. Oregcxi sunshine. Weekly weat1-r 
and crop bulletin 4:68. June 22, 1959. 

59. Taylor, R. J. and Dyer, A. J. An instrument for 
measuring evaporation fran natural surfaces. 
Yature 181:408-409. Feb. 1158. 

60. Theisen, Arthur A. Distribution and characteristics 
of loess soil parent material in northwestern 
Oregon. Master's thesis. Corvallis, Oregon 
State College, 1958. 65 numb. leaves. 

61. Thornthwaite, C. W. An approach toward a rational 
classification of climate. Geographical Review 
38:55-94. 1948. 

62. Thornthwaite, C. W. and M. H. Haistead. Final 
Report. Micrometerology of the surface layer 
of the atmosphere. The flux and momentum heat 
ar. water transfer. Johns Hopkins University. 
Laboratory of Climatology. Publications th 
Climatology 7:233-361. 1954. 

63. Thornthwaite, C. W. and J. R. Mather. Instructions 
and tables for computing potential evapotrans- 
piration and the Water Balance. Centerton, 1ew 
Jersey. Drexel Ins tzttute of Technology, Labora- 
tory of Climatology. Publications in Clima- 
tology 10:1-311. 1957. 



11r 

64. Tlleston, F. M. and J. Wolfe. Irrigation requirements 
(estimates for Oregon). Corvallis, 1951. 31 p. 
(Oregon. Agricultural Experiment Station 
Bulletin no. 500) 

65. Umatilla Branch, Oregon Agricultural Experiment 
Station. Annual eporth 1931-1959. Hermistori. 

66. U. S. Department of Agriculture. Soll ConservatIon 
Service. Report of field and laboratory data 
of soils from Umatl].la county, Oregon and Walla 
Walla county, Vashington. Riverside, Calif- 
orria, Field and Riverside Laboratory staff s, 
Jan. 1956. 104 p. (Mimeographed) 

67. U. S. Dept. of Agriculture. Bureau of Plant Industry. 
Soi]. surv&y manual. Viashingtai, Government 
printing office, 1951. 5O5 p. (U. S. Dept. of 
Agriculture. Agriculture handbook no. 18) 

68. U. S. Weather sureau. C1imato1oical Data. Oregon. 
Annual Suxnrary, 1953. 59:190-200. 1953. 

69. _______________. Cithatological Data. 0reai. 
Annual Summary, 1954. 60:200-210. l?54. 

70. ________________. Cilniatological Data. Oregon. 
Annual Summary, 1955. 61:202-212. 1955. 

71. ________________. Cliiiiato1og.cal Data. Oregon. 
Annual Summary, 1956. 62:208-221. 1956. 

72. ________________. Climatological Data. Oregon. 
Anrual Summary, 1957. 63:226-238. 1957. 

73. ________________. Climatological Data. Oregon. 
Annual Summary, 1958. 64:216-227. 1958. 

74. _______________. Cliniatological Data. Oregon. 
Anna1 Sumary, 1959. 65:222-233. 1959. 

75. _______________ Climatic Summary of the United 
States, Supplement for 1931 through 1952. 
Oregon sectlA. Washington, D. C., U. S. Govern- 
ment Printing Office. 1956. 69 p. 

76. ______________. Index of Oregon weather stations by 
cxintjes. Portland, Ore. Oct. 1958. 17 p. 
(Mimeographed) 



i 13 

77. 15e S. \''eather Bureau. Local climatological data. 
Peridlotai, Orego:ì. '.Vash1riton, P. C., U. S. 

Government Printing Office. 1959. 4 p. 

78. _______________ Sub8tatlon History-Oregon. 
Viashinton, D. C., U. S. Government Printing 
Office. 1956. 101 p. (Key to Meterological 
Records Documaitation no. 1.1) 

79. _____________. Oregon 1g term mosns (temperature, 
precipitation) 1931-1955. Portland, Oregon. 
ì-. d. 4 p. (MIuographed) 

80. van Bavel, C. H. M. Estimating 3011 waor conditions 
and time for irriti with the evapotranspirs- 
tion method. Raleigh, North Carolina. Aug. 
1956. (revised 1P57) 16 p. (U. S. Department 
of Agriculture. Agricultural Research Service. 
ARS 41-11) 

81. van Hyickama, T. E. A. A nonoram to determine 
monthly pote:itial evapotranspiration. Monthly 
Weather Review 87:107-110. 1959. 

82. Waters, A. C. Creotiorphology of south central 
illustrated by the Yak1n quadrangle. 

Geological Society of emerica. Bulletin 66:663- 
684. 1955. 

83. ?aters, Aaron C. and C. . Plagier. Mounds in the 
Columbia Plateau. Anrican Journal of Science 
218:209-223. 1929. 

84. Weaver, J. E. Evaporation and plant societies in 
southeastern Washington and adjacent Idaho. 
Plant World 17:273-294. 1914. 

85. ?;eaver, J. E. A study of the vegetation of south- 
eastern Wash1rgton and adjacent Idaho. Plant 
V.'orld 18:227-248. 1915. 

86. ______________ Root development of field crops. 
ew York, McGraw Hill Book Co. 1926. 291 p. 

87. Williams, Howell. The ancient volcanoes of Oregon. 
2d ed. Eugene, Oregon, Oregon State System of 
Higher Education, 1953. 68 p. (Condon Lectures 
vol. 1) 



114 

38. Zeurier, F. E. The Pleistocene perIod, its climate, 
chriology, and fau.nal successions. London, 
Bernard "uatitch, 1945. 322 p. 

89. ________________ Frost soils o Mt. Kenya and the 
relatIon of frost soils to aeolia deposite. 
Journal of Soll Science 1:20-30. 1949. 



115 

APPENDIX 



116 

The recording stations are listed by county in addi- 

tion to the \?eather Bureau substations given in table i 

in the next few pages. weather data from these stations 

are on file at the Department of Soils, Oregon State 

College or with persons listed as contacts in each county. 



Precipitation Recorders in Gilliarn Co. 
in addition to Weather Pureau substations 

Contact Ernest Kirsch 
County Agricultural 

Agent 
Cour thou se 
Condon, Oregon 

Gau&e Community or 
Name Locatica-i Post Office Length of Record Type Gauge 

23 - Orva Dyer(l) S30 T5S R21E Mayville Nov. 1957_present(2) Standard 

24 - Harold HartfleldWS8 T1S fl22E Olex Mar. 1955-present Standard 
except 1957 crop year 

Jan. 1957-present 
25 - James Hoag S23 T2N R19E Blaylock prior record Victor tube 

incomple te 

26 - Ralph W. Potter 
& Sons S33 T3S R2OE Condon Sept. 1958-present Standard 

27 - MaricE Weathexcrd S22 TiN R21E Olex Feb. 1948-present Victcr wedge 
Aug. 1959 Braun 

28 - Virgil Woelpern S32 T3N R2OE Blaylock Sept. 1954-present Braun 

William Hall, Sherman Branch Experiment Station, Moro, Oregon, holds these 
recorda. 

(2) Present refers to August 1959 in this listing. 

I.-' 



Precipit8tion Recorders in Morrow Co. 
in addition to Weather &ireau recorders 

Contact Ne1 Arderson 
County Agricultural Agent 
Heppner, Oregon 

Gauge Community or 
Name Location Post Office Length of Record Type Gauge 

29 - David Baker S4 UN R24E Morgan June 1948_present(2) Victor until 
1952 

- 

Standard replica 

3g - Alvin Bunch S19 T2S R25E Hepprier Jan. 1950-present Victor tube 

31 - H. G. Campbell S32 T2N R27E Echo Sept. 1954-July Standard 
1957 

32 - V. L. Canson S7 T18S R24E lone May 1935-present Standard 

33 - Rollo Crawford S20 T2S R24E lone Sept. 1954- Standard? 

(Milton Morgan) July 1957 

34 - Ralph Crumb 525 T1} R24E lone Sept.1$?54-Ju]y1957 Standard replica 

35 - O. W. Cutsforth S14 T1S R25E Lexington Jan. 1955-July 1957 

36 - B. J. Doherty SM T1S R26E Lexington Sept. 1954-Dec.]56 Gauge broken 

37 - Dona]1 E. }1iker SlO T1S R23E lone Jan. 1949-present 

38 - L. L. Howton S5 T2S R24E lone Sept.1954-Ju]y]957 

39 - Albert Linstrom S6 TiN R23E Morgan Feb. 1949-present Victor 
Standard replica 

3 yrs. 

Since Oct. 1957 substation Standard 



Morrow County. continued 
Gauge Comnwi 1y or 

Name Location Post Office Length cf cord Type Gauge 
40 - Franklin Linstroni S9 TiN R24E lone Septe 156-present Standard replica 
41 - Raymond Lundel]. S13 T3S R23E lone Sept. ).954 -July 1957 
42 - D. O. Nelson 830 T2N R26E Lexington Dec. 1954-Dec. 1957 

43 - C. . Peck 54 T28 R25E Lengton Sept. ]54-July 1957 
44 - Don Peterson 821 T38 R24E lone Jan.]55-Jti1y 1957 

45 - Harry Proudfoot S33 T2N R27E Echo Jan. 1956-present Standard 
crop yearly, 1947 and 1948 

46 - John Proudfoot S32 T2N R25E lone May 1949-present Victor bube 

47 - K. Smouse S36 TiN R24E lone Sept. 1956-May 1957 

48 - Verrier Troedeson S]. TiN R24E lone Dec. 1955-present Standard replica 

(2) Present refers to August 1959 in this listing. 

.1 



Precipitation Recorders in Shernian Co. 
in addition to Veathor Bureau Subatations 

Contact Imogene Halley 
Sherman Co. Ag. Extension 

Office 
Moro, Oregon 

Gauge Community or 
Tanie Location Post Office Length of Record Type Gauge 

4 - Willard H. Grass Valley, Sept. 1956.Aug. 1957 
Barnett S22 T2S R16E Ore. Sept.1958_present(2) Braun 

50 - E. W. Blaylock S15 T3S R17E Grass Valley, Sept. 1955-present Braun 
Ore. 

51 - W. E. Bruckert S21 TiN RÌ8E Wasco, Oregon Jan. 1940-present Standard 

52 - Chet Coats S25 T2N lUBE Wasco, Oregon Jan. 1955-present Braun 

53 - Joe Heater S14 T1S R16E Moro, Oregon Sept. 1956-present Standard 

54 - Larry Kaseberg S24 T2N R17E asco, Oregon ì'ov. 1952-present Brami 
(A.w. 

55 - Paulen Kaseberg S2]. TiN 1116E Wasco, Oregon Jan. 1958-present Standard 

56 - B. W. Pa'ne S4 T4S R15E Grass Valley, Oct. 1956-present Braun 
Ore. 

57 - Allen Pinkerton S32 TiN RI7E Moro, Oregon May 1953-present Standard 

58 - Dr. Frank Reid S35 T31 R17E Rufus, Oregon Feb. 1958-present Braun 

59 - Howard Ross S5 T1S R19E Moro, Oregon Sept. 1954-present Braun 

-u 



Sherman County, continued 
Gauge CoXLui4i r 

Name Location Post Office Length of Tecord Type Gauge 

60 - Lamer . Sayrs S26 T1S F16E Moro, Oregon Mar. 1955-present Lraun 

61 - Marvin Thomas SE of Wasco Vasco, Oregon Sept. 1954-present Braun 

62 - Ted Thompson SiB .ílS RiSE Moro, Oregon Feb. 19F4-present Sta..dard 

63 - Ted A. Trimble 512 T3S R16E Grass Valley, Sept. 1050_present Standard 
Ore. 

65 - Fritz L. Watkins 57 TiN R16E Wasco, Ore. Juno 1953-present Braun 

(2) Present refers to Augast 1959 in this listing. 

H 
H 



Precipitation Recording Stations in Umatilla County 
in Addition to Weather Bureau Stations 

Name 
Gauge 
Location 

Contact 
Barrie Gasset, Pendleton Grain Growers 

Research Laboratory, Pendleton 
Meryle Oveson, Pendleton Branch 

Experiment Station, Pendleton, 
Oregon 

Community or 
Post Office Length of iiecord Type Gauge 

66 - PGG, Pendleton Sb T2N R32E Perd1eton Sept. 1952-present Braun 

67 - Adklnson S20 T1S R32E Pilot Rock Sept. 1952-present Braun 
68 - Blanchet S12 TiN R31E Coombs Canyon Sept. 1952-present Braun 

69 - Lorenzen S13 T3N R3OE Rew Sept. 1952-present Braun 

70 - McDonald S29 T41¼1 R31E Misscri Gulch Sept. 1952-present Braun 

71 - Westersund S18 T5N R32E Juniper Sept. 1952-present Braun 
72 - Leake S2]. T5N R33E Helix Sept. 1952-present Braun 

73 - Hawkins S29 T4N R33E Myrick Sept. 1952-present Braun 

74 - Woodward S28 T4N R34E Adams Sept. 1952-present Braun 

75 - Wood S34 T4N R35E Weston Sept. 1952-present Braun 

76 - Hobby S26 T2N R33E South 
Reservation 

Sept. 1952-present Braun 

77 - Moore S33 T5N R34E Waterman n. 1953-Aug. 1958 Braun 

78 - McCarty S14 T2N R27E Butter Creek May 1953-present Braun 

79- Herm.tston PGG S23 T4N R28E Hermiston Apr. 1953-present 
ro 

Braun 



Umatilla County, continued 
Gauge Community or 

Name Location Post Office Length of Record Type Gauge 

80 - Bard 532 T4N R29E Stanfield Sept. 19 52-present Braun__-________ 

81 - Farm Chemicals S19 T4N R35E Athena Feb. 1955-present Braun 

82- Kopp Sie T2S R3OE South Pilot Sept. 1955-present Braun 
Rock 

83 - Shumway S3]. T5N R36E Couse Creek Jan. 1953-present 

84 - Crow S28 T4N R35E Weston Jan. 1950-present 

85 - Hill I. Fork Juniper Jan. 1950-present 
Creek 

86 - King N. Fork JunIper Jan. 1951-present 
Creek 

(2) Present refers to August 1959 in this listing. 

-J 



Precipitation Recorders in ;asco Co. 
in addition to Weather Bureau Substations 

Contact Arthur Appling 
USDA Soil Cons. Service 
Dufur, Oregon 

Gauge Community or 
Name Location Post Office Length of Record Type Gauge 

84 - (George) 
Fax Bros. S3 TÌS RÌ4E Dufur, Ore. Jan. 1958-present Victor tube 

85 - Rex Kaseberg S25 T2N RI4E The i)aFles, Sept. 1951-present Victor tube 
Ore. 

85 - Walter Lang S14 T4S RÌ2E Warnic, Ore. also prey. locatiiStandard (broken) 
Spring 1961-present 

86 - Robert Larsell S24 T4S R13E Maupin, Ore. Mar. 1948-present Standard 

Period in 193O' 
97 - Robert Larsell Si T5S R15E Maupin, Ore. Sept. 1955-present Standard 

88 - Paul Muller S23 T4S R12E Wamic, Ore, not received Standard (oken) 

89 - Harry Whitten S32 T2S R12E Dufur, Ore. 1949-April 1959 Standard 

H 


